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« 4 - . * V Little is krio^n- about the accuracy pf tempotal^ CO 

• 'for memaries7"iStrd-^st^^ 3^ss-about the ^nature of th a codes. Thi s' 

tiet^rt* addressees the ceirfral ' gues tion of the mechanisms .by Which : 

• ordeor iirfbrmatibn' is ^.ttached to metnories/ The resu^t^^^^ , 
^xpa^fciinentfe* ind'icate the xoJLe of some independent v^^iables on 

temporal coding in relatively short-term memory and inVj:ong--tarm 
memory- Sever.al 'experiments 4.n which changes in proactive inhibition 
are used as.an index ;.of' temporal differentiation shoir that the nature 
of the words making up the lists is involved fundamentally in 
' temporal coding. Mother experiments demonstrate that, in relatively 
short-term memojry subjects canuo-t learn to improve- ttteir performance 
in estimating .how Ear apart anytime two #vents. occurred. ^Sfill other 
experiments show that recency judgments for two eve nts impTOVa with 
'practice, but the, improvement is mi nlmally influenced :by:i t1ie,,. temporal 
seoaration ^of the' events. The context in which memories are 
established is shown to infLueace tempoq-al codes only if an ordering 
metric is a part of th^ context- Several theoretical propositions are 
advanced to -account for the findings. (Author) / 
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Ttie Human jriind ehcoilip^sses- ah enormous nuihb6r- oX memoirs, 




memory vttiat'-^/^^^ 

. among these 'membrie^ * 

't^Sj^f^ that occurred :at idlfinite- doinb inv time. ' 

A,^0%^^^0^ these memories Ayould ilT on^ . sense^ constitute the . ; , 

chroiiicle Mplies an offiering oif events . - S 
-j?: tl^l^om wfth tj^e ordering; -Major events in ouir lives' such" . 

: ;^ ;:a^^^^ grade gtadii^ion- fegh- schdol 'gradjuatibn, miama'geV and ; 

orclered properly becausejthere'is/a necessfiry • 
: '%v 6^^ when^ye^ask a^lout meniories;thata^^ 

J • inevitafily or.deredV V/e begiri/to Jess cejtjaih of tli6 chYbpicIe. iDid ;^ 
/ yowt father^Iose his jbk befo re ^^of after your^s child' was 
^ ■ Di4you become a member of the bowHng team before 'br after^yoU^^^ ":^^^ 
)delefl your .Mtx:hen? ^Wj^en' w€ ask sijich quesiioris/^e begm^ tp ' , / 
iii^t niany evjeiits^ seem to havjByait best, j. 

'only a^rud^e location in the chronicle qf^r experiences. ' ; 

The problem of central interest in 'iMs book is the/n^ure^of the ' 
temporal coding of memories. Just ho\v| this became a problem of 
moment will be detailed latere It is sufficient at this point to indics^te 
that Qur attempts to solve certain problems Of me'rupry functioning - 
led me tp^slieve that differences in temporal coding of memories ^ 
were implicyted. We were thus led to undertake some expenmental* 
/^^k 'to supplement evidence available in the literature;, the inteM 
was to get at least a preliminary understanding of the variables that ^ 
govern our ability, or lack of it, to distinguish by memory the . / 
ordering of events in 'time.' ' / . ' ' 

It seems to nje that most of the evidence available, as Well as • 
e\dded|^ that arises from introspection, leads to a conclusion that . 
our ability to identify points in time at which particular memories 
^were established is very poorly devdoped. One wonders why evolu- 
fionary changes (purported to have occurred over the centuries as 
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presOmed 

_ developed, sucji abiyti^ ^:^.i^piMi 

' iinpbrt^^ the abiUJy , tp; order >'memoribs correctly? ' Avhat 

kitchen was yenjodele d before 
- - th^tii^ei^ tes^^^i^as formed? Our legal ^ySteiri depends; 

j;he^ an-' e>ctem£d^ dating system (a calendar syjtem) to 

> estabii^^^ that can be accepted by al|^ At the 

■ sanipltinief it se^im^;^yi6nd a/jdoubt that justice may not havel^een 
served^ W the order of 'events w is/^ter- 

a witness. If a decision concej ning the 
> giiilt W charged with murder depenc ed upon 

' tiie memory ^.^^ as to whether he had heard a gTgmsh<)t 

^ , .before or^f^t w of automobile tires, I; yvbuld 

• 'be^iincc^ A recent new$pa^h story 

toldC|f4' 
j^^businpssr 

; r jjicoi^^ These deductions were for business expenses, fex^penses^ 
whicl^^^ consisted prirn^tfily of costs for luncheons and dinne rs for his 
clijmlls. Many of the witnesses* testified under oath that' hey had 
iMeed been recipients of the luncheons and dinnej^^ lbpt^ ^h^^ the 
J=6lnter]ial Revenue Service askeS them for specific dates < ke^^ were 
; quite unable to reconstruct the dates. It has been reported (Gibson 
& Le/in, 1975) that children affBcted with dyslexia are pa tilularly 
"^inadequate in their memory; for the temporal ^ordering of events. 
The above is . merely to suggest that: our inability to tie ( ur mem- 
ori'es for events* to .certain points in time, and thereby to .< )rder the 
events accurately, is not- without impact on our lives* Stil, we are 
able, within sonae mar^ of error, to associate our memcries-with 
their times of formation, and. the question is how we are cipa^le of 
such dating at all. 



{Agreement between the Internal Jievenue SeWi te and a 
' over the deductions he had taken in calculating /his 
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r'^>'^.^;^^^^^^' : ; ^ ' , ^ ^ ^ EXPERIMElW 1 3 

. • . . ^ .. . - •• ^~ ■ _ ■ •. ■ ■■■■■ . 

In the Jiis^^ two chapters, I will establish the <:ontours of the^* 
' probleiii ^as J see- themV For the initial step, I will report three gather 
cUyeKe studies as- a means of illustrating procedures and data that 
are. sai d to dea l with temporal coding. , V 

y-ff:.-,,- EXPERIMENT! 

' We brought together 24 brief statements describing events ;that 
had occurred from 1968 to 1975. Pretesting^ indieatecl that ihost 
coUege students would \remember that these. events had indeei^ 

•' occurred, -although it is not definite that the memoriesTor them' were 
- established at the time of their dcpurrence. The descriptions of ihe 
.24 events, along: with the month and year of occurrence,- are given in 
Table 1. They ^r© divided into three groUps of eight each (three 
forms) for reasons which will become clear momentarily. In Table 1 
the events are listed in order frpm most recent- to least 4:eceflt~ 
although on the test sheet given to the subjects tfie statements were 

-^randomized^-EaehHSubject^upplied-ardate fpronly 8 of the 24 events, 
and the subgroups of 8 events each are identified as "forms." 

Students in a large, advanced undergraduate lecture course served 
as subjects, all being tested simultaneously. The eight statements 
were printed on a single sheet. After each statement, two blanks 
occurred: one identified as "year," the other as "month."; The three 
forms were 'interlaced before distribution to ti\^ subjects,* so we 
assume that the three subgroups were equivalentoin their knowledge 
of the events. .The instructions at the top of each sheet were as 
follows: ■ -^^ 7 

' . Below are listed eight events tlSHi^ye occurred in relatively recent years. j 
The events were so momentou? ahd >yere so widely reported by TV, ,/ 
radio, and newspapers that most:^:olleg^ students will remember that the 
events did indeed happen. 'Our interest is with your njemory concerning . 
v)hen each event happened. There is some belief among those who study 
memory phenomena that our knowledge of the position of an even^in the 
flow of events is' relatively poor. In fact, however, there is very litde 
• systematic evi|^ence on the matter. This "test" is an attempt to get prelim- 
evidence on the accuracy of our memory for the placement of events 




; ■■■'i '•■ [-y--^^ ..■TABLE! . 

; .fy^f;. :^ >^ a bate^pf Occurrence (Month-and Year) Jn E^cperirfmnt 1 ' < \ 

I •■ ■ ■ ; • . ' . / : '•^'^Date^ of 

Description of events ■ ^' ' V • , o6Cutrence - . 

V ' • '■ ' "' ; — ^— — ■ • -. ' — ~ ~~ " '■ ■ ; ■ 

\ ..\Foim\ ' '^ : W - ''''-'^[^ ' 

r » iJames Ri. Ho ffa reported missing - : ^ '.. , ' - 7/75 , 

/ ^ -jlfie tida^basin ihcicknt invol^ " . / ^ ^^/^^^ ; - 

^ V - . ■ jRichard Nixon resigned; the presidency .y ' V ' ^'^^ ' 

f;^* //iBillie Jean King^efeated Bobby / 

r 'Governor George Wall^ . V ^ .5/72;^ ^ . 

:s V I Attica (New York) prison riot / ' ' . ^/71 

. ; ■ ^ j The tragic incident at Chappiaquiddick Island involving. 7/69- 

. Ted Kennedy ' • " ^ 

- • i [Mar tin Luther King assasinated ■ 4/68 

'Form 2 ' ' ' \ ■ ■ ' .. , ;■• 

The >lpo//o^5o>^MZ to^ / ; ^^^^ 

Hank Aaron established anew honie-ruprecord -.t.. • . "^/^^ •; ' 

Patty Hearst kidnapped ' ^ , 2/74- 

Spiro T. Agjiew,resighed.the vice presidency 10/73 . 

President Nixon visited niainland''Chilia ' ^ *2/72 

Kent State stuhents killed ^ . |> * 5/70 . 

Th6 first man;stei>ped t)Ti the moon J ■ V,tt 



Rohe^t^^Kenhedy shot 



6/68 



.Forms. V - ' , 

I Death of Aristo\le Onassis / ^1 

' ' Evel Knievel.fafled in his attempt'to rocket across the 9/74 

Snake River Canyon ; ^ 

1 Alexander Solzhenitsyn exiled from Russia 2/74 

[" Former President Lyndbn B. Johnson died ^ ' ' 1/73 

! Baseball star Robert Glemente killed in plan^ crash ^ 12/72 

Disney World in Florida opened * ^ • 10/71 

Former President Eisenhower died • 3/69 

U.S.^.Pm^Wo captured by North Koreans ' . 1/68 

^ ' — ' 

Note: Each subje6t'was given eight statements, thus there were three forms. 



EXPERIMENT 1 / 5 

: 1 / : \ye would, like you' ttf give your best gyess as to the year and m^nth 
:> during which each of the eight events pccur/ed. You niay find this dfffi- 
1^ iv. but please fill in each blank;-^he year ^d the month-for each eveiitv • 

;■: ; * ; even if you feel, that your estimafe^ are inore or less guesses. • ■ 

; ■ The s aTso enfered their ages. The tdst wa^ linpaced, with most 

Some bjanks were Ibft unfilled by some subjects. These test sheets 
; ' were Idisearded/ In: 'addition,, a 23 years of age and over 

^^^^^^^ .W^ Other sheefs.were discarded randomly to equalize 

V the groups (form^) at 36 subject^ each. The data to be presented'^ 
. welrp based on 108 subjects, -with fhe number of subjects in the five 
; ag^ 13,- 19, 20, 21, arid 22 yeais beirig 6, 30, 46, 21, and 

: ? 5; respedtively. / - . 

The>subjects ;madei aii estirniate of the month and year for each of 
, . thp .events. The ^ test ^ w^^^ given to -the subjects in November 1975. 
* r THerefore, as a metric;, the true age* of an^pvent was calculated* iil 
: . .months bMk^arcptomJs^ 1975. Thus, the everit concemirig 

. . v;: James R.'Hoff;?^ was 4 fhonths- rernoved froiti Noveriiber 19.75^tTiev 
; V Wilbu^r MiUs incident 13. mont^ removed, and^so ori, until the.oldest ' 
event on Forin^'l (tHe 'assassination of Martin Luther King) \i^as 91 
^. months rehioved from the point in time af which the subjects made . 

their judgments. The dates giveri by the subjects were likewise trans- 
• formed into , months removed from 'November 1975. A-iriean for 
these scores for each event wa^ detei^ned to get an estimate of 
gr^)up accuracy. Jhe' plot in Figure 1 shows the c5utcom6, with the 
diagonal line indicating the true number of months by which the 
events were removed from November 1975.' 

* Although the collective judgments could probably not be used 
to^ replace a calendar, the correspondence between the true number 
. of months removed and judgefl number of months is quite high, the 
^product-moment correlation being .96 for the^24 event^. Other 
. .,1 evidence n^ight lead to the expectation thait ev§^ts close in tiipe . 
would be judged to have .occurred further back i\ time than was 
actually true antf events very remote in time would b* judged to have 
occurred at times less remote than vvas true. As^anJ/i seen iy Figure 
1, there is at best only a suggestion of this in theJflata. It has^^been 
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Months Remdved f^rom Time * Of Test. . 

n=IGUflE 1, Mean judged Thonths removed (from November, 1975) ibi^p.^ 
events, differing in number of montj^s removed, the diagonal line replfesen^s 
perfect correspdndence between age of events and judged age (Experiment 1). 

reportk (Linton, 1975) that errors in estimates increase in magni- 
tude as the memory gets older. Statistically, this would mean tljat 
- the standard* deviation of the judgments w<^ld increase the, further ^ 
*back the event occurred. This was generally true, but there were 
rnaif/ exceptions for particular events. / 

' We .nfext asked about' the relative ordering of ^the events by the 
indi\ddual subjkt. The true orderings were correlated with the 
ordering inferred from the eight ^ates assigned the events. for each 
subject, Th^ mean of these correladons was .79, and all 108 were 
positive. The lowest ^correlation cfbserved was .08, bUt only'^1 of the 



: EXPERIMENTf 7 

108 subjects ordered the events perfectly; A hit-may be defmed as 

V assi^^ the correct month and y,ear for an^event. The hits averaged 

V just under one (•98), and 45 of the subjects had no hits. In tenns of 
- events, the maxim number of hits .was 50 percei>t- ("Nixon re- 
signed 4he presidency-'), but no hits were ojpseA^ed for^hree j3f the 
events. The: average j^pr by which the subjects missed was 15.01 
months,. with' a range of fron^ 1.38^ months (approximately 40 days) 
to 35,38 mp^iths Oust undeTfhree y^i^T~T " 

.. Decades/of psychophysical research would lead to the expectation 
that, the/cipser tSvo events ^were in tiirje, the greater the ^dk^lihppd 
that th^/two events would be misordered in time. For each form, the 
nurtber of errors made b^^ each subject s orderinjjvas determined 
for ^alf combinations of two events. Thus, if the subject assigned an 
date to ''Hoffa reported missing" than to *'the King-Riggs 
tennis match,'' it was counted as an error. For each form', 28 such 
comparisons could •be~niade7"W~84"'acfos^^ These 
84 cbmb/mations were grouped according^to the time separating the 
/two /^fints, eaeh group spinning 10 nfonths, so that -nine groups 
/.. coVe!^Pffhe entire range. For jlthe. tWo-event combinations falling 
withii^*^each grouping, the percent error was. determined, and these 
values have been plotted in Figure 2. Expectatipns were fully reak 
ij!:ed; the greateir theij |ji|jrie separating the two3vej)ts, the less- the 
likelihood of a misordering of those two events.%^ven with the 
shortest separation (1— ,10 ^ohths), the judgments were so mew hat 
-better than anticipated if the subjects were merely guessing. 

If the separation^ between two events was^ept constant but 'the 
absolute .age cjf thp events varied, it would be expected that errors 
. would increase as agejncreased. The present data lacked a sufficient 
number Of events to make this ^determination. , However, Squire, 
Chace,.and Slater (1975) have demonstnite^^the relationship. Their 
subjects were asked to choose th & m <^t recently aired' television 
program that had been aired for on\y^ one season between 1962 
and 19i73. The difference in the age of the programs* presented for 
all choices was five years. The nurhber of errors increased as the 
age of the programs presented for choice increased. 

In our experiment, when the subjects were first given the task, 
there was much moaning ^nd groaning as to/ the absurdity of the 
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FIGURE 2. Errors in ordering two events as a function of the separation of the 
two events in tim^ (Experimeat 1). 



request to supply dates for the events. After complying with the 
request, ihere were many comments about the difficulty of the 
task, how it was necessary to* guess, and how poor '*rhy memory" 
was. Still, the -results have shown that the subjects were aT^le to 
supply dates that were meaningful, either when combined, or wjien . 
examined fior)feach subject independently. True, many of the errors 
were very gross, and only 2 subjects of the 108 tested were able to . 
supply dates that correctly ordered all eight events. But that some 
information was available to most subjects for making educated 
guesses seems undeniable. 
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EXPERIMENTS - ;9; 

' EXPERIMENT 2 

:The events of interest- in Experimeht 1 were events that mi^ftrlBe 
•called momentous; they were of varying durations, but even fbase. 
that were momentary were extended; in time by aftennaths and by 
/the.reporting of the news media, In/Experiment ,2 weUumed to a 
* shaiply.,contraisting set of events, events that had only^ brief dlira- 
: rtion,.jflnd the entire series of events had a very sh^rt tiriie.span, 
Fiirthermpre, the events were, quite homogeneous in. Character and 
utterly lacking in newsworthinesi The subjects in Experiment 1 
were, in spite of their moaning, intrigued >vith the task given them. 
The subjects, in Experiment 2 merely moaned. They were siiown32 
' words in succession for three secoijils each, and then were asked to 
make rece ncy judg ments for pairsj6fjw^^ Which one of these two 
words occurred rnosTreeentry tethe list? — ^ 

Each subject was presente^d'lf^^r successive lists pf 32 words each. 
After. 'the. presentation of eacli Ust,, 12 recency judgments were 
requested, that is, 12 pairs of words were presented and the subject 
was requested to choose (by circling) the most recently presented 
'word in each pair* Furthermore, each reciency judgment followed 
by a lag judgment in which the subject circled a number from 0 
•through 14 to indicate th^"* number of words believed to have sepa- 
rated the two wards in the Ust. For each list there were three pairs 
having true lags of 0, 1,5, and 10 words. Thus, across the fourUsts 
there were 12 tests for each lag. The tests were unpaced, The^words 
bCGupting positions 1, 2, 15, 21, 22, 30, 31, and 32 were not tested. 

The subject was fully instructed about the nature of the test 
requirements before being presented the first list. The 128 words 
. used in the four lists consisted of a random sample from a larger 
pool of 3 J5 four-letter words drawn randomly from the Thorndike- 
Lorge (1944) tables. The words were assigned randomly 4oJi5ts and 
to positions within the lists, and all subjects were given the four 
Usts in the same order. A total of 96 college students, was tested.' 

The subjects in this experiment might have justifiably moaned; 
both decisions (choosing the most recently presented word and 
estimating the number of words separating the t\\40) proved to be 
very, difficult. Some of the subjects did not score above chance in 



10- .1.. THE PROBLEM ''V 

' Choosing the most recent word. The. results for b£fth response meas- 
ures are shdwn in jMfiUre 3. The upper*panel gives .the percentage of 
correct respdnseij^correct recency, decisions); the lower panel, the. 
mean lag judgments, both as a. function of lag. Although m an 
absolute sense the. discrimination is quite poor, thar there is a. lag 
slope for 6oth response measures seems unmistakable. A test jjf the - 

■ four: points in the upger panel indicated reUability, F(3, 285)— 7.10, 
p < .01, as didLthe test for the lower panel, (F =112.67). It wiU be 
. noted that the number of correct decisions is a Uttle better at zerp 

- lag than at a lag. of one. Although this difference was not reU^le 
' statistically, it will be argued later that even the small difference 

may have psychological meaning. The lower panel shows that the lag 
judgments for short lags were overestimated, those for long lags,^ 
underestimated. As n^ed earlier, tmrMTmrTirtairlynmu^^ 

- finding c 

It is conceptually possible to Mew the two response measures 
(dumber correct and lag estimates) as being independent., This 
would imply that a subject might know that two events \yere widely 
separated in time but not know which occurred most recently. Two 
. lines of evidence indicate, however, that this was not true. Since 
■ •each subject had four lists, reliability measures were calculated by . 
combming the results for Lists 1 and 2 and correlating the perform- 
ance measures with those for Liks 3 and 4 combined. The rehabihty 
was not high. For correct responses, the product-moment correlation 
- was 39 While this value is reUably higher than zero, it is certamly 
not very useful for predicting individual performance. To evahiate 
the reUabilit/of the lag judgments, a slope measure was denved. 
This was calculated for each subject a^ the sum of the judgments for 
lags 0 and t divided by the sum of the judgments for lags 5 and 10. 
A ratio of one <vould indicate no discrimination (no slope), with- 
discrimination increasing as the ratio decreases below one. . The 
reliability of this measure was .29. FinaUy, the correlation between 
the slope measure and the correct-response, measure (for aU four 
Usts) was 36. This indicates that a subject who had a large number 
of correct responses also tended to have a steeper lag function than 
did a subject with a small number of correct responses. , " 
, If recency judgments and lag judgments are positively related it 
shoiild follow that, when an .incorrect recency, judgment is made, 
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FIGURE 3. Percentage of correct recency judgments (upp^r panel) and 
iag>dgin.ents (lower panel) as related \o lag. The diagonal line in the 
pand represents pertect correspondence between laji and judge 
(Experiment 2). 
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12 1. THE PROBljEM . ■ " ; V 

the- coriespond,ing lag iud^ent should be more in error than that 
giv^n following a corfect recency judgment. All subjects had at : 
- least one incorrect recency judgment ^t each lag. It was ppssibje 
, thereforeV tfet determine a lag function for incorrect and correet _ 
recency judgmeats. without loss of subjects. Of course, pairs for. 
' which inporrect' responses were given' were, in some way, more 
difficult tharivpaks for S/hich correct' recejicy judgments were given, 
« althpugh' certainly sonie. cprrect' r€sponse^ resulted from gufessmg. In 
any event, the lag judgments for incorl«ect rece^ judgng||^howed 
absolutely zero slope, all four points being at fpproximMf a mean 
N)f five> Thus, when subjects made errors in the rece^v^gments ;. 
they made lag judgments of five on the average, and 'ffl^as inde- 
pendent of the true lag. As may be seen in Figure 3, the mean lag 
judgment combined across lags is approximately five. The data 
apparently indicate that when subjects do not know which member 
of the pair was most recent, they choose a lag flfear the means ol 
their other lag judgments-a central-tendency effect. These data 
indicate, as did the correlational evidence, that accuracy in lag , 
estimates is modestly related to cc^ectness of recencV judgments. 
That subjects will show a central-tendency effect in lag judgments 
' when they are' incorrect irt^eir recency judgments is a cunous 
finding In Figure '2 it was shown that the closer together two events 
. are in time, the greater the likelihood that an error would be made in 
a recency judgment. It might be expected that subjects would have 
learned this relationship in their various experiences. That is, it might, 
be expected that their judgments would reflect this correlation 
between error likelihood and the closeness of two events in time. 
Therefore, when a pair is given for which they have no "feehng as 
to which member of the pair was most recent, they should conclude 
that the two must have been close together in the list and thereby 
be led to assigrr a very short lag estimate. Clearly, this was not the 
case in the present data, and since simMar outcomes have been 
reported in other studies (e,g,, Brelsford, Freund, & Rundus, 1967; 
Hintzman, Summers & Block, 1 975), it seems to be reliable. 

One other, finding should be noted: Performance did not improve 
across the four lists. Whatever skill underlies the correct choice 
of the most recently presented word was not developed withm the 
relatively short period of practice given the subjects. 

I i 
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: - ' EXPERIMENT 3 ^ 

• Experment'2^ homogeneaus events (words) within a larger 

• •^event (fist of words). Recency ^j^ for events o£thfs type will 
be spoken of as >within-task or within-list judgments. These^are to be 
contrasted with judgments that follow the pxesentifioi! of two or 
more tasks or listsi, following which the subjett is asked to ideptify 
the. list membership of the elements or units making up the s^arate 
tasks. These will be caUed betWQg||sk temporal judgments, ^n^ 
such judgments were required inJj||^^^^nt''3 . 

yThe procedures. involve(ij^ The 100 college- 

student subjects were ^^^^^^Biflli^ ^^^^^ of 20 wdrds each for 

• study following, explicit mstructiarfRoncerning the^nature pf :the 
t6st to be giyen. On the test, the 60 words were printed in random 
order on a sh«et of paper. After each word the numbers 1 , 2, and '3 
appeared,^^d the subject was asked to circle the number repre- 
sentiitgr'the/list in which the word had 'occurred. The words were all 
four-letter words. They were exposed for 2 seconds on the study 
trial, and 2 minutes were allowed to complete tltfe test. After the test 
was given on the first three lists, the entu-e procedure* was repeated 
with another set x^f three lists of new Words. Because the perform- 
ances on the two sets of lists were highly comparably, the judgments 
have been combined for the sets. The product-moment correlation 
between the number of errors made on the first set of three lists and 
the number made on the second* set for the 100 subjects was .67. 

The results are plotted in Figure 4, in terms of the percent of the 
words in each list that were assigned list membership injeach list. 
For exarhple, of the words in List 1, 55% were correcfly assigned 
as having occurred in List 1 , Of the remainder, 30% were assigned 
to List 2, 15% to List 3. it is apparent that correct assignments are 
greater than would be expected i>^(chance (33%); but, in any abso- 
lute sense, performance is poor when it is seen that the correct 
responses were only slightly above 50%. However, the nature of the 
errors indicate .some temporal information that is not given in the 
correct-response measure. The clearest ease involves List 1, where it 
is seen that when an error is made it is more likely to involve 
assigning the word to List 2 than to List 3. The data for this list 
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FIGURE 4. T:)e percent of items r each list that were assigned to eachUst. 
The three tallest bars represent corre-t assignHiertts. the others incorrect 4|)kn- 
ments (Experiment.3). ^ ' 



f 




could be - bribed as reflecting a temporal generalization gra 
ThiS' effe: vas less clear for Lists 2 and 3. For List 2, one 
expect s\ jnetry in the two error sources (Lists 1 and 3) 
larger difference between the two error sources when j^ist 3 
were involved. It would appear that ther* was a respt)nse bias, so 
that when in doubt the word was assigned to List 1 . Th^e^sourcc df 
this ^ias is not evident. It might suggest ihM 
some reasonable notions: "If 1 can't rcmcm\i^i^^^^oril 
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occurred. . .," or "If I don't recogi^ze this word as having occurred 
.at all, it must have been in tfife first list. Otherwise, I would have 
•remembered it." It was noted earlier that the subject did not seem 
to ^kpply suq^ logic to the within-list judgments of lag' in Expeii- 
ment 2, but- perhaps the principle vvas more readily available to the ' 
subjects iulExperiment 3 because of its simplicity 'or 4irectness. 
■ Such a principle of determining judgments could have a?so inflated 
the number of correct responses for List 1. Basea^n a simple 
forgetting notion, the number of correct responses should have 
increased across the three lists when in fact the number decreased 
slightly. 

t ^ 

T-HE RECENC"? rHINCIPLE - 

Three sets of^data^have. been examined as . an introduction to the 
type of phenomena with which I will be dealing. The data from . 
these- experiments ^ were presented primarily for demonstration 
purposes,They were not very analytical with regard to the possible • 
types of information that erftered into the judgments made by the 
subjects. For example, Evperin^ent 3, if su .xts did not recog- 
nize a test word as ha^ ^g. r-cn in any of th. ,tudy lists, it may 
have seemed somewhat nn,. .ou - ro ask therr, :q make judgments 
Ojf list membership. 

^ - The data from the tr. - -•imistration experiments have been 
•interpreted ar$. general 1 ... showing the fallibility , of the tem- 
poral dating oT memories :;^c present' section, I want to turi^ 
to a somewhat different aro.. ot course in order to demonstrate a 
contrary aspect of beh^Mc.r \u type of study involving the 
relative dating of memor-^ . r^/^ -^nporal intervakmust be critical. 
Assume two target mem. ^ and T3, and a memory* test for 

ordering. First, there iiU^rval between Tl and T2 (lag). 

Second, there is the int..,,^ betWeen Xl (the most recent of/the 
two events) and the poin^ time .-^t which the test is given. This 
second interval is the fo . .^hc discussion in this section. The 
point to be made is thai v. thjs second interval is minimal :- 
length, our capabilities joii#aifnguishing between the most rcccni 
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event and previous events is, in most situations, quite, extt,aordii|Ury. 
As the flow of information into the memory system proceeds jbver 
time, it is as if the information we are dealing with at the moi|ent 
can^ije protected by a shield or curtain from incursions into i| by 

his 
tor. 
of 



less rebent mtfrftories. As time passes and the. information cha 
the older, fcurtairi? gradually raises arid a new one descends, 
recenc^r principle is sometimes said to be mediated by a sel 
mechanism (Underwood & Schulz, .1960). I will review sd- 
this evidence to illustrate the power of this mechanism. 

Subjects learned a paked-associate hst consisting of singlef igit, 
numbers as^timuh and consonant syUables (each of three. lefe/s) 
of low ^ciatibn^ value as responsb terms. Such a list isjvery 
difficult to learn, pmnarily because of the difficulty of integiktmg 
or unitizing the three letters of ekch response term. The perfortn- 
ance of 18 subjects given 20 anticipation trials was exanimed 



[erent., 
md it 



,Ce OI lo suujci-is givtii 

Th4 eight consonant syllables were nt^de up of 15 dif 
letters This means that there was some letter duplication, 
alsd means that H letters of the alphabet were not included. In 
their attempts to learn this difficuU Ust, the subjects preiluced 
many displaced letters and many sequences of letters ^ were 
not i/volved in any of the syllables. Not including /nif laced 
correct responses (a correct syllable given to a -wrong s|niulus 
term), there were 789 letters produced which were wrongjiq the 
sense that they were a part of a wrong sequence, singUt letter 
responses, and so on. Of these errors, only 20 (2.5%) w^|letters 
that were not included within the eight consonant "Syllablls. Fur- 
thermore, because most of these were produced, by bn\^. a few 
subjects, and frequently repeated by the subjejcts, it is quite possible 
that these errors were preceptual in nature, such as misreading a B 
for an R. Effectively, the subjects did not import lettefe; their 
response attempts were almost e^xclusively limited , to letfes that 
were in the list. A single study trikl initially seemed to hav| limited 
the pool of letters with high precision. | 

We studied the errors made in learning a paired-associate hst in 
which 1 2 different single letters were used as response te 



Is. These 



lists had twoKligit numbers as stimulus terms for the 1,2 Response 
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. terms, Actually, two suchJiists v^e eifTiployedl,^ each being- learned 
by\a different graup of 18 subjecfe/or 15 trials. In learning oiie of 
these lists a total of 427. errors w'^s made, ati error being coUnted as. 
a ciase wHen a letter* was produce'^ to the wrong stimulus ternj. Of . 
theg^ 427. eiTo^ letters ntj^t^c^ the list. For 

the other list, 540 erroK Were made/ of wMch 4% were'lettprsnot 

/actually used as response terms. It should be clear that the:rletter^ 
within the list Were not the first 12 letters of the alphabet, nor the 
last- i2,J^rior*was .any other- principle- of selection evident. The 1.2 
letters w6're randomly chosen from the alphabet. One mighnthink 
that this would be a highly favorable condition *for the subject to 
giv6 letters . that were not in the list; the evidence indicates other- 
wise, and again, even the srrall number observed may have been due 
to reading errors. - 

In a third study, subjects learned a. 16-pair word list wfth the 
pairing such as4o produce high intralist similarity among instances 
of concepts. The 30 subjects made a total of 1 ,424 overt errors, but 
only one of these errors was a* word not present in thfe list. One, 
subject responded with *VeUow when the correct response was 
"canary." \ ' ^ 

These studies indicate that suojects cam, -^fter a single study 
trial, effectively limit their information to thi^ appropriate units; 
this is done in spite of^the fact th:it those eliminated as inappro^- 

^priate may often in other circumstances be in connrion pool with 
the appropriate untt.j?; Recency of stimulation, even that produced 
by a single occurrence; seenis tu set the melhnory fcpr a unit quite 
apart from the more remote -icmones of highly similar units. 
In the above case^,. i^ecency oper^.js to separate memories forver- 



in a particular 



situation. How- 



bal units presented md not present 
ever; the recency principle operates v zh much the same effectiveness 
when both the* appropriate and inappropriate units have been experi- 
enced in the same situation. It+as ^::en shown man|y times that-in 
the A~B, - -JD transfer paradigm, no intrusion of 
the learning of A -D pairs is an infrecuerrt occurrence 
study trial on A -D set$ the D terms apart from the B terms, in spite 
of the fact that commonality .exists because of the use of the com- 



B terms during 
Again, a single 
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mpn .stimulus tenhs'in both lists^ Even if some of the B terms are - 
carried over into the second list, intrusions 5 term3 not c^ed 
over are infrequent (e.g., T\yedt&^U^ \yj : 

\- It&s ncfted earlier that the t\Vo critical intervals in the memory y 
for ti^ order p are the TT-T2 interval and' the interval^ >; 

betv^reli^T2; aI^dHthe tes^ for the ordet, of the t^o events. In the^ 
^_5-'^i^2) paradigm,! each list may be Considered; an, event. Hence, ^>:^^ 
the'Tl'— Ti interval between th< two-lfets and the T2-test interval 
would* be .considered critical. It was/4)ecau?e' of puzzling results^ • 
producTed by the manipulatioii of these two .inte^^als wjtjljiite^ 
paradigm that je were led to a variety of experimeri^on variables » 
involved m !«B|ral /coding. We will turn to these 'puzzling data 
in the third ch^er/ln thejfemainder of the present chapter, we 
will^be concerned^ with establishing the' background assumptions 
u^j^erlying the work. 
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,It is quiie^- common in contempcrary work on memory to conceive 
of a memory for an event as consiEiing of different-t^es of inform^ 
tion. It is my preference to sp^k these different types of informa- 
tion as being the attributes of -r^^mory (Undenvpod, 196^a). Thus, 
the memory for a, word may ccasi;£: of an acoustic attijbUlfe, various , 
semantic ahribut'^^ known ccl^tivelfy as meaning^ a modality 
attribute, and so on, including a temporal attribute. To have a theory ^ 
about memory is,yithin thi^framewofk, to have theory aboujtjjiii&i--' 
one or more, of the attributes enter in;to memory functioiiing-how 
the attribute(s) enter into perfoimarca 6d memory tests. 

Some of the attributes may be vi-ved ashavii\g more or less direct 
representation "in memory. For example, in developing the theory ' 
that has come to be known as frapuency theory (Ekstrand, Wallace, 
& LInderwoodTrl966), it was assumed that one of the^mechangms 
in, memory is a counting mechanism. Eachff occurrence of a^i event^ 

^ is **tabulatec/' and the subject can, wj^en requested, make public tl^e . 
sums.^Starej in this manner, the theory is extremely crude on at 
least two counts, ^irst, the characteristics of the counting mechanism 
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•l^jjQr se in be shdrpened. Tfliiat is, does each pccurrenc.e of ^an event 
L estabUsh an independent trace^/or is there^niore direct summing 
' mechaiiisni:^];^ by trace strength? Second, it sterns likely that 
an. went ni^a^ produce several different clllseis of frequency in fprjpa- 
[tjpn. A wo for \i?xample,. may h<aye^ frequency tepresentation'in 
emary in terms of the percjepttiai respofise (visu^^cou(stic) rrmde 

tider 



to it.' Jhe memory^ for the event mijif^ independent 



coitint oif^he' frequency of ia common meamrig response which occurs 
\yith eacdi presentation. These are not matters^ of concern for the 
^ n^ioirtent. They are mentioned to .indicate t-hat frequency informa- 
tion, however viewed;, has a relatively direc represent^ion in msm^, 
.;.dry. The. question we ask concerns the tempiif^iS^'ttn^^^ Do-s it 
ha%e direct representation ih.nfemory? WM^^ 

The manifestation qf & jlirect temgoral itirfl^hte i^ by 
i(^s about biological -clocks or biological calendars. Somehow'; an 
^vent is given an iderittfication tag that locates its position with- 
respej^t to the"*ppsitions of many other events,- which pocuf oyer 
"time. Siich idieas have arisen p^^^rily from the decades of research 
dealing with^^the estimation of^ry short tunei intervals, a iine of 
: r^search'that goes oi»unabated,(Z^kind & Sprugj 1974), 

At one time, my belief in the continuity, of behavioral principles 
led me to do a series of studies on the judgm^&nt of shor^ temporal ' 
-4ntervaiSv' including inteffierence^ effects in the relatively 3hort-term 
memory fot the duration of two inteWals. I had hoped they might 
produce some firm le^&rt€^^;|j;).understanding of terpporal discrimina- 
tions when lists or items were the avents of interest. These data still 
' languish 'in a file drawer, fo^ I was ufiablQ to^make a reaSopable 
connection. Another hne^of contempql^ary, work (e.g., Kbmblum, 
1973, Sectioj[i 7) deals wjith perception-^ of terfippral ordef for two 
events that jbceur very clds^ tcpgether in/tune^ when closeness' is 
. .^€^asured in imilliseconds. As in the case of the judgment of the 
.'rduratipn jof-jshort temporal intervals/ this wofk on the ordering 
oLt\?o' events', which ^occur very tflosb^together in time, noay nQ^ be 
J irrelevant to I the problems of the temporal coding of memories 
Viewed in 3 fju- more extended time period. I. simpiy * have not in- 
1^ eluded them in the present work because 1 hav^ not been abte to pull 
v^^the draw strings together. Also, I have chosen not to, work with the 
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tempor^ attribute^JMl^ has a direct rep^jfettation 

(e:g,-: a biological c|^^^^^^ This jfiay be ^^aHp^^^ 
sion; it; is quite po^t^^P^^^ of the recency ^cp[e, as 

aiustrated earlier/^wo^^^^ tdl'^uch a notidn^/Howeyer, since - 

' hiy, central inte |s in the* breakdown of th^ recency principlev^ 
•I simpijr reached the decision thsrt the temporal attnT?ute will 
viewed initiaOly aS a derived^ttribute. 9y this is meant that dur ' 
knowledge of the temporaflocation of memories is based on other ^ 
attributes, of memory for events, and the central task is that of . 
identifying what these other attributes are and the nature of the 
role they play. * ' , ^ 

* The perspective on one further issue needs to be made- clear. 
When we do a memory experiment (or an experiment iijf any other 
area), the observations open to the pubhc (the experimenter) are 
two in number. First, the subject is exposed tt^ a given event uhde^v; 
'the experimenter's control. Second, the sul^eCt responds .ihKj^^fe:^ 
/way on a memory te^t. Three questions are ft-equently ask^d about^ 
"^the processes or stages that- fall between the two public ^y.ents: 

' 1 . Was there storage? Did learning occur? 

2. What changes (decay, forgetting) may occur for the stored 
memories (collection of attributes) over time ^(before the second 
public event)? ' * 

.3. Which attributes mediated performance on -the test? 

Frequently, these questk>ns are reduced to two: Was a deficit on 
the memory test due to inadequate storage or to a' failure of re- 
trieval? To a greater or lesser degree, most of us have been involved 
in looking at 5ur data in such a way as to dra^ conclusions about 
storage and retrieval. These efforts ^hade over into other questions, 
such as whether or not recognition tests involve retriev-al mecha- 
nisms. In this search for answers, we frequently forget about the 
stage un plied by the second question; and it may well be that we will 
ultimately conclude fhat, for the temporal attribute, this stage is 
critical. There is a further compHcation, which essentially prevents us 
from logically reaching conclusions about storage, persistance, and 
retrieval. 
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Recent evidence (e.g., Galbraith, 19755) indicates that attributes 
thiat^^ appropriate peifomiance on fhe memory test could 
be quite available,, but the subject; does not utilize them. One of 
the. imfortifnatiB consequences is that, because the attribuigs were 
--not utili^^ we may infer ;that the attributes were not stored. It 
-should be npted th£ft Meltojy(19^3), in his influential article, did 
not use the word retrieval in^ his ^description of the third-Stage or . 
question. Rather, he used the phrase trace utilization ^ vvl;iich could 
imply two factors; the availability of appropriate attributes and the 
choice by the subjects df attributes to mediate their test perform- 
ances. For example, it has been shown that-^a simple instruction 
from the 'experimenter will -eause subjects to choose a particular 
attribute' td mediate verj^al-discrimination perfcyrmance, although 
another might have been the volurntary choice of an uninstructed 
subject (Ghatala, Levin, & Subkoviak, 1975), Since subjects may, 
for whatever reason, instruct themselves on memory tests, this 
source'jof variance at the attribute selection level must be recognized* 
Given that four different factors, each of an unknowji quantity, may 
be involved in the perfomiance on a memory test and that s4me of 
the attributes are known to be quite independent of each other, 
we must recognize the' near logical impossibility " of identifying the 
source of a deficit in memory when one occurs. This is regrettable, 
but may as well be faced. It does not mean, of course, that we will 
cease speculation about these thoroughly confounded intervening 
events, but perhaps we will recognize them as speculations. 

r 
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A Preliminary Analysis 

■ ■^ • •■ . . c '. 

The. loose focus of, this chapter is on certain independent vanables, 
which may be involved in the temporal coding of niemones. 1 xyiU 
identify variables that have a proven effect on temporal coding^, . 
those thBt will likely haye an effect, and those that seem to offer- v 
leads for theoretical thinking about the critical attributes that 
mediate temporal coding. Attention will be directed primarily toward, 
. variables influencing within-li^t tempoVal judgments; those mflu- 
Ucing between-list judgments'will be evaluated in a later chapter. 

SEBIAL ASSOCIATIONS ^. 

In many cases we infer the 'order of events because we knowHhat 
nature is so constituted as -K) involve many cause-effect sequences 
A flooded basement usually follows a rain; the movement of a ball 
across a level surface implies an earlier event, which set the ball m 
motion; a distant clap of thunder implies a prior electncal pheno- 
menon.' A cause-effect sequence prescribes the order of events, and 
nnemories of those events will usually be ordered correctly. Yet, to 
infer order from presumed cause-effect sequences may not be with- 
out error. An automobile lying in a ditch,>^n auto on which a tire is 
obviously blown, may lead to the conclusion that the blowout 
antedated the "accident and was the cause tor loss of control of the 
- auto. In fact the blowout may have occurred after the loss of control 

of tli^ car. , 
Laboratory studies do nbt normally deal directly with such 
cause-effect event sequences. Perhaps the closest counterpart is 
that represented by serial learning. A serial task, of course, is one in 
which the events must be ordered in a specified manner. It is cer- 
tainly not my intent to review the vast amount of work on serial 
learning; this has been done admirably by Harcum (1975). The 
difficulties of determining the processes involved in serial learnmg 
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make sych learning somewhat of a mystery, and "even the very 
recent work seems only to deepen the mystery («.g., Saufley, 1975). 
Serial associations, of whatever they are constituted, contain infor- 

. matipn from which the order of events jmay be correctly inferred. 

■ We have aU learned the alpha6et as a serial task, A does- not really 
^ cause 5, and 5-dpes not really cause C, but that 5 comes before C, 
-^":aa^ v4 before 5, gives these relationships almost a functional cause- 
effect status. Furthermore, becausp these associations are' usually 

^asymmetrical (Q will elicit R much more readily than R will elicit . 
Q), they provide Relatively direct ^ information about order. Many 
investigators 'Have asked subjects to identify the positions held by 
items in a serial task after a certain amount of learning had occurred. 
The data to be reported as Experiment 4 used a similar approach. 
This study was described -briefly in an earlier publication (Under- 
wo^, 1969a).- 

EXPEPIMENT4 

The .subjects were presented 25 words, each for 5 seconds, after 
which they were asked to identify the'position held by each word in 
the list. The words were given aurally by tape, and the subjects were 
fully instructed about the nature of the test before the list was 
presented. They were further told that there were 25 words in the 
•list. After the list was presented, test sheets were distributed and 
explained. The 25 words were listed in random order, and the 
subject was requested to assign a number to each to represent its 
position in the list. To prevent the use of a number more than once, 
a list of the numbers from I to 25 was provided on the test sheet and 
the subjects checked off each number as it was used. The 25 words 
were of relatively low frequency. Records were available for 100 
college student subjects, 

■ The number of hits, defined as assigning the correct position to 
a word, is shown in Figure 5, Since 100 subjects were tested, the 
values on the ordinate may be translated directly into percentages.' 
Thus, 97% of the subjects correctly identified the position of the 
first word in the list. Primacy and recency effects are very much 
^' in evidence. Given a closed system for identifying positions and 
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^irr^yen- that the subjects -were n^Cst-^frequently correct on- primacy ^ 
§: ^and recency items, it must follow that, in general, the positions of 
jrv the items in the first half of the list were likely to be assigned posi- 
p^^iions that overestimated the Irue positions, and items in the second 
half 'were likely to be assigned positions that underestimated tSrue 
^..yppsitions. .h^ -follows that variability in judgments should be 
for Items in, the middle of the list than for those Jiolding pqsi-. 
I tions dri both^^^ the middle (e.g., positions 5-10 and 15-20), 
J ^; Although hot evident ;in Figure 5; both of these phenomena were 
g;^ qiutes*^vident iri t^^ , , . ' 

' W involved? The sulyefits were interrogated 

V about the "istrategies" they used. Two afiswers predominated. First, 

used for the first item, and a "last" label Wa&; 
subjects for the last item, this being assigned when 
. subjects indicated that more general 

: *labeHjfc items, such phrases as the "first part 

9^^^^ of list." The other commbn report was that 

^ items were associated in succession, this being accomplished by 
. rehearsal and by mediators. One remarkable subject correctly iden- 
tified the position of all 25 words; she indicated that she had simply 
. associated the wo^ds in a chain, and when I requested it, she did in 
fact produce most of the list. Some of the subjects' actually wrqte 
the first several items on the test she©t before assigning numbers. ^ 
' Such evidence is by no means conclusive concerning the role 
. of iserial learning in the judgments, but it is strongly suggestive. 
The evidence also indicates that subjects may construct calendarlike 
devices, in which they try to associate the Nvords in particular por- 
tions of the lists with appropriate labels. I think we^must accept the 
Tact that serial learning, whatever the processes that underlie it, may- 
serve as a means of inferring temporal information. The data from 
Experiment 2 showed that correct decisions concerning ordering 
- were slightly better when the lag between two words Svi?s zero than 
when the lag was one. I believe this can be taken as evidence that 
serial associations between the two words were developed and that 
; decisions of recency were made on this basis. 
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EXPOSURE DURATION ^ V 

As a geheral principle, it can .be said that the longer the exposure 
period or study time allotted an item, the better or greater the 
learning. There are cases in which the improvement is minimal 
as time increases beyond a given valuer-but it 'would be quite unex- 
pected if . performance became poorer with increased time. Insofar as 
temporal coding is based upon attributes that are acquired during the 
exposure period of an item, we would expect temporal coding to be 
directly facilitated by exposure duration. When a notorious public 
event occurs, no matter how brief the event per se. may be, the 
possibility of establishing a temporal code may extend over several 
days a3 the event is rehashed, its implications examine^, and its 
relationships with other events noted We have no idea concerning 
the true-exposure duration for the events used in Experiment K 
To examine the influence of such a variable we must turn to the 
control offered by the laboratory. However, this vai;iable produces 
difficult problems within the laboratory, and we must examine these 
problems ^before getting to the substance of the influence of expo- 
sure duration. 

« 

Problems of Method 

Thus far, only two general techniques for testing temporal ordering 
of memories have been discussed: the within-task and the between- 
task techniques. The test for within-task studies may be a request for 
the subject to order all items, as in Experiment 4, or to make recency 
and lag judgments on selected pairs, as in Experiment 2. There are 
several other variants with which we must become' acquainted in 
ofder to pursue the discussion. 

A variant on the within-task method might be called the conrin- 
uous within-list procedure as opposed to the use of discrete lists. 
In the continuous technique, the subject is given a long series of 
words. Periodically, a test is given, perhaps requiring a few seconds.' 
Then further words are presented for study, another test adminis- 
— teredv~more~studyT^and-^o-onrGn any-given~test-the^ubjec^ 
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a iudgrrient as to which 
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presentation. This pro 
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.and T2, and is asked to make a 
judgment in addition. Several 
..Wejhmon & Goatney, 1 969) have 
Igments, The word is presented 
ce, the subject is- asked to give 
words that occurred between the 
and its present occurrence), Obvi- 
t. .answer is. how recent was the 

ect may be presented ^ closed 
(Mferand over. Thus, Hinrichs 
4ri the many tests 'given liis 
er extreme by Hinrichs and 
eight different letters. After 
Sfigis, the testing began in a contiii- 
as presented, the subject made 
seven letters was the "oldest" 
en had the longest lag since last 
uced extremely orderly data, 
increasing directly and linearly" 

■^^ey of techniques, it should be 
noted that ijw the coritinm^*p^ ^-cedure it is possible to vary the 
T2-test infervaL.That is, 'Vv||^r^ may the lag be varied (T1-T2 
interval), but the length o retention interval-the T2— test 

interval—may also be varie % r^ay now return to the problem of 
method involved in studyh?? . '^^;:re duration. 

Consider the discrete x^Jiviist procedure. Suppose that for 
one group of subjects tte- e^ - -4ure duration of each item in the 

t ; 7 same list with another group the- 
"^^^^each list is presented, tests are 
r both lists. Suppose further that 
iie accuracy of temporal encoding 
on the two lists do not differ. The 
apparent conclusion is 1:^=. i^ure duration is of no consequence 

— fo^-these^udgnrents^iir'wr^^ ii can^be^en"that^because"iduration- 
of exposure differed, tv: ^^ctsntion interval di,ffered for the two 

29 




list was two seconds, a^i i\ 
duration was four sec^^'^ -^^ * 
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we calculate various ni5cLiiaK:-3v 
and find that the perf rwv^nc 
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lists, t^te i^Srences being the greatest for items occurring m tht 
initMt jpaoAiBis iii the two lists. We could keep;-the retention ii^rval 
, conJttajn: ?a||<e£limg for all items in the lists presented at a-twb-^*ond 
. rates aBS filptonag: the last half of the items pc^ented a^four-^is^d 
ratev^j^^ rran far as' memory is irifltienced bv xthQ position of the /tems 
m tht:: liE^:2ia:a'.Ttb\xnding would Mil be pj^>ent. : # 

Wi wiilliESX.* the continuous witiiin-hst pirocedure, as^i 

with vmf' cxpprs|i^# durations ^ ind(S?«:iiiient variable. The series 
ihay be ffliSi|t^|fBw representing rite target word, and'x 
sentii^g ti^-iwj^ying words: 

Axxxxxxx XX XXX A? 
In thi:: c»ce, vh^ temporal interval between the first and sec 
p CGOtsmc^ will differ as a function of exposure duration -jf 
thff . terms ^iitteugh the interval per sk^-. might seem to be incoTi!^ 
(^^^'HHaiaai aaicoB^ared with the number of intervening items (wJuvc^ 
nxmiber for the two ex^QSure durations), this wei«p 
liffipypge The J5ifluence of an independent variable. Indeed, sc far 
as ^ iiave ht^m able to detennine, there has been no systen]^c 
massmulation of the numblbr of intervening words, keeping theiBffir- 
V5i cranstant. nxrr has the reverse been done. 

I ^"-ring ur :hese pesky problems because, in the few i^itudies I 
ha^ bund v^t have manipulated exposure duration, thete seams 
to ^ nr cc -census concerning its influence (Guenther & Linion, 
p-^er- n, 1967: Lassen, Daniel & Bartlett, 1974; perlyme, 
. rtr -■- OrJyii^lyne attempted to adjust lor the intrinsic confounding 
i • ^7 st-ai}c md he concluded, that the ordering of a set of objects, 
s<^^'\ mci Was v.ninfluenced by exposure duration. 

(/re r: lit to the problem seems id be through the use of 
e>:.^ -i^^x^n iu ' -.tion as a within-list variable. It could ^e carried out 
b^ r thr: ::ontinuous or discrete-list pr6ce4dres. The critical 
.lesd : ~ D Tair ±e exposure duration of Tl and T2 without a con- 
enmity v i'Tiiiion in the Tl-TZ interval or in the number of items 
falling fertwr-n Tl and T2. Thus, the durjition of exposure for all 
^-:ms - -Zhir the lag interval would be constant across the fondi- 
n^s ir \h/-::h the Tl and T2 exposure duration is varied. We could 
H ' m rz srnvcr^ critical target pairs within the list, or different^lags 
-witrtfr thfie Hit, but across lists we could balance out positions withih 
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renal lags . Such an eKpeiimerit has no^?^?*?sa^ 



^^n, Rirnijgiiber that we are trying to restp-- 
^{H^idenitlpriable— du2ratiomiof exposu^ 4ft 
t?iwral infoftoiation. We^ need not necessad% 
jaiirsoA words. We can request tempi^^ 
Smiiatium) for all items irf the list 
duraUlh of items dimng sfudyV iising a 
•^ficiently long list so that -iteins. 
e will be equally represented, at 



vari^^ tfe 'ri*^(5)i l-flill shortly repeat^ such an expcri 

ment, but one more nrrzi^PSBm T?7iip be evaluated before vve canf^ 
confident of the me::iiDi- • 



Instructional Variatuis 



In a study which led ZirfleiTmain and I did 3. few years ago (Zim- 
merman & UnderwiKoi, 1^^^. nature us the instmctions vwas 
manipulated. The stmiecrAwa a^v^^ 12 succes^e li^ for free recall, 
the lists containing ^sttsr * - s ^2 words. Each ust was recalled 
inmiediately after pxeseiSEStia? #id then a final ft^ie recall cf aill 
itenis in all lists was regaees-^d: ifext, the subjecr vwere given the 
12 lists, each printed om w:. ±3ie> card, and w^e rsnsestec^to Grdex. 
the lists to correspTDDC :o ir: c^er of leaniing. Fi;^s,ya pa:ir of 
words from each lisr vais sicro^/n subjects, ami they v«es requ^tetr 
to identify which cf t& r^^urred earliest in m& list. Tgiere 

were three groups zt differing only in thi_. instrucrrons 

they received prior id nuii^ :r 2 lists. One group was given anly 
the usual free-recall Lastr:c;:i:ns ^ second group receiyed the-rree- 
recall instructions pjzs iir: -Tiaiij^n that the} would ne testec fcr 
the order of the list: :i"id tiird group reuiiived the instrucxions 
of the second group - us tiic information thir they would also be 
tested for order of the v. ,)r4'. ^ ::/? the lists. 

The results showed at tii:. groups did net differ in free-recall 
performance, nor did y dif^r on position knowledge, although 
the-position-k-nowledge-thi-y 'i^7~reii'^w"arsubmntlal- For exSnple, " 
oh the within-list tests :i>v order of the two words witlnn the 
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listsrihe average subject correctly ordsred 10 qf the 12 pair^ 
were ied to conclude that "reh^g the spatial-temporal dim 
to wehts to be memorized is a fundamental characteristic 
learning process" (p. 307). Others, as I 'do now, may feel a ^ 
uneasy about this conclusion as. a generalized statement, p^m^-^ 
are two reasons. First, the method of stiady was complete prepnti^- 
; tion; the subject was given each Ust on a card and was allowed 4tJ 
secomds to study the words. This contrasts with most other stadsSS 
whese each word was presented singly for study. Second (and:thife 
inay follow from the first), free recall as a function of poSitioin; 
showed no recency effect, although recall was given immediaiei> 
upon the termination of the study period. There was a very cleat- 
primacy effect extea^ing through the first ^ve positions in Uit 
list. I now believe Wf, it is possible that the learning of eaci iis 
was ^rimaray by serial association and that these associations'^ere 
probably responsible for the within-Ust recency judgments. Thii: 
mechanism would n6t, of course, account for the . equal knowas^ 
of list position shown by the subjects in the three groups. 

The question at issue is whether or not subjects can inflSKSHCf 
their temporal, judgments when the nalture of the temporal toK a 
explained to them. Will they' code on rehearse differently for «cr a 
test from the way in which- they might for a free-recall testrHie 
• issue is of some importance in considering exposure durationissan 
independent variable in the mixed-Ust case, a procedure which iSeffiTR.<i 
on other grounds to be quite appropriate. Will the rehearsal pssiEsr. 
of subjects differ when they are given a long exposure to aaxtssn- 
as compared to a short /xposure, but when they are not exiscziig 
a temporal test? Expecting only free recaU, the subjects migrr ^ 
place rehearsal far back into the Ust and, thereby, distort ptsM 
information. The likeUhood of this happening may be diisL-tv 
related to exposure duration. 

' The evidence availafele'fedicates that this is not a serious pro-nien-.- 
Proctor and Amb'ler (1975) gave subjects a long list of wore: or 
stiidy, telling the subjects only that a memory test would be grpsn. 
-rThe-subjects intone group were strongly urged to-rehe^e^prsKiims^ 
items, in addition to the items present at the moment. The suwccts 
in a second group were urged to restrict their attention only t :- ^e 

- # 



S y^^ moment. Proctor ancf M^bler fs^und on 

^•lf||>jU(|B^^ refwated v/oTdSy:pmfof^f^Q w» mnnffiuehced 
: ii jr f mmj^iij tfi ii^ lag judgnlents Mr two differed^ words, 
? there was ^::e3^t that was inconsistent (d^^ding o^laj^fbut the 



sabjecds displace re^lafiisais did vsmn poorly 

1; than'fte atheri^roim only on jucigments umilvsag losa^f^. Tzeng 
(1976}^ in pena|)S £^ stronger tests, reacfisid &e amtAnSim that: 
;^ d^laced Tfid not influence tenm?fl7ral juK^meiEis and 

-^^^^^ 'S^^. ataaabfutes entering into ^ tesaporal iiiidgmepts are 

uesfebliahed on^^ Sist occurrence of a wpKi and t^si aibfcquent 
rehearses of tiaactwisffd are qiate irrelevant. 

The gross GQBtcome of the data to be remrrfed^as Bxperiiment 5 
was described in anotbesr publication (Undemooc. ■5^9ai;> Those 
data indicated^at exposure duration had litfe ilnflHsnce OTjfosition 
judgments. Sereral different groups were ^msn lists ised in 
Experim^t 5. and for some of theses ^oups& the: introsst ' was in 
free recall as a function of the massing and distribtiiiDn of re peated 
: items.f These recall data were presented as.ExpeiiHrents I ard II in" 
an earher publication (Underwood, 1969b), and* tey showe d that 
recall was better for items that were distributed than for tiiose that 
were /massed, but that recall for the masSed:.item^^^ increase as 
niu^ber of oc:;;:urrences of a word increased.. The rate of increase 
was simply greater for items that were given by ;distrifaix2ed sch jdules. 



Eacperiment 5 
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Each subject studied a list containing 52 words, but because 24 of 
the words occurred two or more times, there were actually 100 
positions in thz- lists. Twenty-eight wqrds occurred once, 8 occurred 
twice, 8 three times, and 8 four times. Items that occurred multiply 
were further divided into massed items and distributed items. When 
an item was -nassed, it occupied aiiacent positions in the series; 
when it was distributed, at least one :ther ^fem fell betvveen occur 
jences. The list was presented oraliy and a singir , presentation, of 
m item involved a 5-se jond period during wM j:':: the won I *was 
spoken twice. Thus, words were pre^^ented 1, 2. or 4 timss, or 
for 5, 10, '5, and 20 seconds. Items were ro::uEed across three 
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forms? iQ avoid :the likelihood thai item riiinction and item difficulty 
wbukfl be ^OTgsunded. In preseiatitxg the results, the data for all ^ 
forms* fespK^ aesn combined. Esch^^fomn was given to 22 subjects, 
iienc^xlatarsti^ total of 6.6 subjects '^'^r^ available, 
' Thi^' su'c2Ji:ns were instructed as ijwrmjlly done for free-recall 
isamiing, anni idiese instructions ^c^Sdevi th^r statement that oiiler 
of iS!tt£ was quite unimpG^rtinxt fer tke memory test to be 
given lApp-^Dpmte apologies and e-^rtjfcnations w«re given after the 
experssrrrax: this misLeading^us5i^:^|^f the instructionsr) -r!fter , 
the lisc v^/^- oir^serxed, the siibj^ci: given Dooklets in. "trf^ch 

the 52 uoTGtSr wre listed in/>i^ciQir. ijrr^^. along the left side cr^he' 
sheets. Tit - vere informed tTiat thr- ^^^xe to make estimates -I'^e 
positi-TT Hf^:'- --5y each wUfd^lfnrhe : -^or words having mfciitiple 
occurrencei^. Ine subjects were toh ic estimate the p^iiLaQii of 
last azcurrcin:^ of the word. In xna!i- ^i tneir judgments c^p^fiDn, 
Che sabjectis jrew horizontal lines o^^^csiute each word, .-lioag line 
indica:ning .iaH the word was in an Qzvi> :?osition in ihe i3iLna short 
liTTfi^priir?iT?rTT: thsi it was near the em: :f the list. Tne suc«?ts w^re 
wai^2 ::o idcA over several words ttir^re starting to "prcHkice the 
lines, so thin nc problem would arise u need .tp draw a^e tisat. 
was longer than ihe paper was -wide, " le lines drawn were^^u^d 
to the uearsrr ! j 0 inch. Position withnn- the list and line Ijuii^i ^ere 
inven^'ly re^^c, Howevei. in presenmc correlational evide^ Lhe > 
value will be -eported as positive. 

Esz^Tiatec pc^tion and true pos.-z.on^ Across the ]^Qe :onns, 
therr were i~ words that had be- :?resented once. Ror tiich of 
these word:: meam iine length wa: j-: rmined by averaging across ^ 
tir !:ihe leirr:. rr:)duced by tne LZ subjects given the v. ord for 
'siudy A pic: of these 84 mear::- ^Jiia-ist rue position showea a very 
ev:^ir '! rehr.iL^nship The product moment cerrelation was 75 
istjcuuse of : -rim'ac:. effewl ' :Te v -rmt de^-'iiuon from linear:-*-^ 
n the pic. oen ^ nonline>; ;v -:r-_.-- :ra) o' t: ; relationshir /as 

^\ouJ^Uv Th. value was . ^.1 - - 

HirrLZir:j.r. -:iid Block C^-^l -VL-iented their :rt:ojects 50 trrt^t- 
ie'trer zc'^r\^. -zidqr i-sir-. :'-:n«^ ^ -^menrber the -ords for a iater , 
mr:-Tnor>' i^^: lach -vcrc ' ...^ irefrenLiid fcr five secDmds on the ssmy 
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:itrial..CiBi the test, the subjects w«ace.askfid :tfatimate the tenth of 
the lisiteocciipkd by «ch wottl between 
the tnfepoiation ani estimated pqation snowed m very-clear relation- 
ship. Sfexser Bower (1974) used Use af 54 words antd foDwwed 
much the same procedure as that usee: by Hantzman and Block. 
' Again a Telationship was found relaang ^noe p<£asition aiid estimated 
TpositiwiJ , * / 

This i l>riiigs/us to a seeming o^rstratflirtion,^ ^hich will cJing to 
^ ttmnighjout several - chapters, "^^p^^sc we aave presented lists 
for study, ^ was done in the aoeve sg^ffli&ffint?. On the t^s, 
Jhoweveir iarther than asking for po^tica^ jaflgsaents for each: weird 
separalaii y, we present the subject pairs wcms from the Est and 
ad;: for lag judgments: How many other .«OTds fell between these 
two wqids^ Since smgie words were posiricnEed with some accuracy, 
it «oulic sesm that lag judgments for the pairs would appropriately 
refect iig diSferencas.. This seems not to the case. In at least two 
studies (HBhtzman Sl Block, 1973; Hintzmsan^ Summers, & Block, 
.ere was no relationship hctwees xrue Jag amd the lag esti- 
ow can a subject make a r^sonar^y valid positions: ftudgment 
ef item frosn ^ list and be quite iascapable of maiknag a valid 
ent for two words^from the list? I' will be jemembered that 
md some relationship between true lsg and lag judgments for 
words in Experiment Chapter 1. However, by way of 
anticipation, an experiment in ^ich ws found no relationship 
betwen lag and lag judgments for C3irs c~ v^ords will be reported fn 
Chapter 4. Furtfesmiore. f'ji'nd that subjects literaEy could i^cc 
leam :o imprc^f their judgment:.: overr trials. This is why I s^y the 
prar>2f!m is not one we can avo> ' as ve proceed through additional 
exptrr^nents. 

Tc reliim to 'the central vaiia ^3-. : w ill be remermbered tliaii we, 
are ^ing abcut the role of a '-"^tinT of e-^rosure on temporal 
codim Because of the wav ; tr^ lists or Experiment 5 v^ere 

r> ri|ic?-nrTr^^ H the^rai^^-nf posiUGP ^ difi^rrfe^^^?-^^e-items-presented- 
onceL:2:nd| for rhe Lssi rccu- ^ence r: :hos:^ prrrsenieid under the massed 
schediae.| It differsa sti: note : ?r the itsms :p:'3sented once and 
for xhrz last occuxrEuce thosi; presented ur*s:-sr the distributed 
schecci2ie.! To adjust for zras. the following stepr were taken. First, 
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r the :words presented 2j 3, and 4 times.-were conssidered as a group. 

- jEach subject had 12 such woVds, 4 ajt each frequasncy tevel It was 
1^ ' possible to select 12 words ^hat had been presented omce asnd th^ also 

^ held positions ^hat matched closely, item for item, the last occur- 
rence of those 12 \wrds that had been presented 2, 3, ai3d^4 times. It 
was therefore feasible to compare position judgments fer the words 

- presented once and those presentexfjnore than once, witi^the average 
duration of the latter being 15 secqpids versus 5 secondsfor the items 
presented orice. 

For each subject, a product— moment correlation was calculated 
between true position arid line length. for the 12 items pissented 
once, and a separate correlaiian was done for the 12 massed items 
presented for an average of 15 seconds. Each correlasinm was tl^s- 
formed into a ^' score, and tiie significance of the mean difference 
of the two .distributions of 66 values was determined. The msait 
z*; for the wofds presented cmcQ was .46 (r '= .43), and fco* those 
Y occurring i2, 3, and 4, times, the njean z' was .57 (r = .52). These 
, jtwo m^ , 

We ^iriay now examune the results for . the 12 wqMs presented- 
under the distributed schedule. The results for thesd'wbrds do not, 
of course, tell us about temporal coding as a functiaq of exposure 
duration. Nevertheless, the results are of interest in asking whether 
a subject can distinguish between the position of last occurrence 
of an item and the positions of earSier occuxrences. 

For the \2 words presented .^j^ider distributed fcedules, the 
range of positions of last occurrence was mor£ restricted than for 
the words presented under the ms^fsed schedule. Ner srtheless, it 
. was possible to obciin 12 words presented cmce that, item for 
item, essentially had equivalent positions to the last occurrence 
of the items ^ven fhe distributed schtidule. Again, product —moment 
correlations were derermined for eaicii subject for each of the twc 
types of. items, and the z' transformation was aptiiedj[hejp_ea^^ 
z^"tW"lhriv^i3M)resSifea o 1 7 (r = J , ai^d for the distri- 

buted words, .28 (r = .28). These twc^tmeans did not differ (/ = 1.84). 
Even with the restricted range of positions involved, the mean for 
the 12 words presented once differed reliably from zero (/ = 3.77). 
For the words given mass^ schedules, the above data indicate^ 
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that position kncwledge was not apprecia^y better for words with 
multiple Gttccurrences than for words ^en once. The temporai 
duration or exposure Of a word during study seems tcf have little 
effect cm the ^knowledge of position that may ' develop during 
stiidy. TIhe fact that the words given multiple occurrences were 
somewhat more accurately positioned than those given once, althoijgi^ 
not reliably so, may reflect the fact that some of the words presented^ 
oifce sirnpty may nox have been recognized (off^e'test) as having 
been in the list. - _ 

The data: were £xainined in stUl another way, to evaluate the effect 
of exposure duratiori- A mean position judgment was determined for 
each word by simuning across subjects. Thus, for words given massed 
jjj-esentationi, a total of 36 different words was used kqjoss the three 
fonns. Mean posriion estimates and true position's were correlated. 
For l2je massed items, the value was .83, and for the 36 distributed 
itenu^. .52. F6r the 36 words given a single presentation but matched 
on poosition with the massed words, 'the correlation was .79. The 
congponding v^lue for jthe_words presented on.ce and matched_oai- 
posiEDn with words under the distributed schedule was .Sl.JQiese 
omtcDHi^s^erely support the earlier conclusion that duration of 
expc!siire seems to be of little consequence for position judgments. 

Pasitioniing and recall. In a second study using these lists, the 
subjects were instructed to attend only to the word being presented 
at tine mc'ment. There were 60 subjects, 20 for each form. This ^ 
instnictiorr had no effect on ovprall recall. 4fter the subjects had 
recalled, tiie / were given the list of 5? words and were requested 
to make diir^t position judgments. In this task, they were to assign 
a number eneiween l arid*- 100 to indicate the position of last occur- 
rence of tbie word. As a measure of positioning accuracy, the devia- 
tion of eacr word from true position was calculated for each of the 
-52"WOTdS": jr^aclf ItHDjec for each word was 

then calculated. ' ^ 

The pattern of correlations betw«^n true and estimated position 
was found to be much the same as in the first study, although all 
pf the correlations w^ere a little lower. While it is possible^that the 
-act of recalling may have disturbed knowledge of position, the 
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results taken at face value confinn the work of other investigators, 
Jn th^ instructions to attend only tp4he item p/esent at the moment 
(and not tp displace tehearsal) did not give evidence Qf increased 
knowledge of position. Of greater interest is the relationship between 
position knowledge and recall. 

A mean deviation score was determined for each sujp^ect, using 
all 52 words in the*list,.and these values were correlatedfi^ith total 
recall for the 60 subjects. The product— momeht cprrelatiop was 
— The positioning ertOr for massed items that Were recalled and 
for those that were not was determined for each subject. Tlte mean 
positioning error for recalled items was 25.53, for those not recialled, 
27.19, the difference was not reliable {t = .80): the same oufcome 
was found for the words given distributed schedules. The only evi- 
dence found that related* recall and position estimates involved the 
words presented once. The"w5rds recalled from among the 28 pos- 
sible gave a mean positioning error 'that was less than those not 
recalled, and the difference was reliable {t = 4;1 1)- Such eyidence 
"^lr1rard~fo~in^^ not 
h|ye been recognized when the*.position-judgment test was given. 
^Qoodwin and Bruce (1972) have concluded that temporal tags ate 
relatively unimportant as recall cues for the words in the initial 
jportion of a free-recall 'task. In general, the evidence from the pjfesent 
* experiment WQiild extend this to all positions in a free-recalrtask, 
althouglt this may not hold in the recency area of the list when 
recall is ^ven immediately after presentation. 

The data that have been evaluated in this section indicate that 
position learning or temporal coding does not seem to be related 
critically to the duration of an item during study. In a strict sense, 
this cannot be true. An item must be exposed for some minimal 
' amount of time, for a temporal code to be established. The evidence 
-4ndicat^-^;hatH3eyond--this~-unkiiown--minim^-^ 
further expdsure does not add appreciably to the temporal code. 

INTEBF^RENCE IN TEMPORALCODING 

If we study serial learning as a function of th^ siniilanty of items 
withi^^the list, whether formal or meaningful Similarity, we know 
that the learning is impeded as similarity increases. Jt might seem- 
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inevitable, therefore, that recency judgments or lag judgments 
iwould be influenced by similarity. This inevitability is by no means 
assured. Firsti we. do not know the biasic attributes involved in, 
serial learning, and second, we have' not yet identified, with any 
siireness, the nature of the attributes inirolved in tepiporal coding; 
We vdll examine three elementary situations that might be used in 
studying the influence of interference in temporal coding: 

A. X X x. x X X X X X X A (identical word) ' 

Axxxxxx,xxxx A' (associated wprds) 

AxxxXxxxxxxB (unrelated words). 
. Assume that .these series are presented within a long list, and then, 
after the list is completed, the subject is requested to make position 
judgments. In the ease of repeated \yords, we have seen that even if 
a word bcciirs as many as four times within a4ist, separated by other 
words oh each occurrence, the position identification for last occur; 
fence is as accurate as for the single occurrence of a wor^. Although 
- dornot-know^tow accurate T)erformance would have/been for the 
first occurrence of a repeated word, the evidence suggests that each 
occurrence is attended by some type of positional encoding that 
distinguishes it from its earlier positional encodings. What woiild we 
anticipate in the c'ase of associated words? When /i occurs, a strong 
associate to it may occur impUcitly. Thus, when table represents >1, 
the implicit response chair may occur, and perhaps also the impUcit 
response may be given temporal codihg along with the word actually 
presented (table). Later in the series >i' occurs, which in this^^instance 
\might be chair, k is not ynreasonable to expect table to occur 
impUcitly to chair, and perhaps bfe temporally coded at that point. 
If all of these events do in fact occur, each of the two words will 
carry temporal codes about two locations. Where will the subject 
-estimate-the-positio n-of-each-word to b e? : - 

There is some similarity between this case and the one in whjch 
the same word occurs two or more times, although there are differr 
ences. When the same word occurs twice, there are two different 
temporal codes for the same word. In the case of associated words, 
the two different words may both be associated with two differenji 
tepiporal codes, these codes being identical. The two cases are 
much like the differences bet>yeen tht A-B, A-D and ^he A-^B, 
* A— Br paradigms in a retroactive inhibition test. 
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Among the published experiments, one by Hintzman, . Summers, 
and Block (1975) used the above cases (which include the two. 
unrelated words). Subjects were asked for lag judgnleiitsi arid this . 
was^e experiment in which the lag judgments for unrelated w^rds 
showed no relaitionship to true lag. Since the associated words did 
produce a relationship between true lag arid lag judgments, it might 
^be included that "there is no support for the expectations *of con- 
fusabn. Yet, the associated words di^ differ from the unrelated 
words, so j^hat the assosuaetes were in some way playing, a role. In 
fact, the lag judgments SDrthejassodate^ approx- . 

iriiated the true- lags wiien tneae la^s were long than did; the lag 
judgments for repeated words.* ' ^^^^Z 

. Earlier it was pointed out thkt recency judgme:nts and^lag judg- 
ments can be conceptually independent. Thi^ independence seeified 
to be contradicted in Experiment 2, ^yhere only unrelated wordsN^ 
were used. It rejnains pebble that with* associated wt)rds the^ two N 
- could-be-^independent^We-wiU—present an~experiment i^^^ 
chapter that shows that the number of correct recency jud^ents is 
quite unrelated to the separation between the two words tested, so 
the issue is by no means closed. It i s pe rhaps possible that had 
Hintzman et al. (1975) requested positioirjudgments or presented 
the associates as a pair and asked f9r the identification of the most 
recent Word, performance would have bjsen quite different from that 
.obtained by lag judgments. Of course, there is no implication in the- 
above that the response measur^ used by Hintzman and his col- 
leagues is inappropriate; their interest was) in quite a different 'mat- 
ter than the one o^interest in this section. 

To determine directly the* role of interference in temporal coding, 
a simple test would involve two conditions: 

A^x x x xlTA'^x x'irx x TestT ^'versus A' ~ " 
AxxxxxBxxx irx Test: A versus B 

A andi4' represent associated words and /I and 5, unrelated words. 
The test would consist of recency judgments. Perhaps the test is not . 
quite as simple as it seems. Because two associated words' are likely 
to be more readily recognized a§ having been in the Ust, as compared 
with two unrelated words, it would be* necessary to remove this 
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factor as a source of contamination. To test only pairs for which 
both words are recognized produces both a subject and item selec- 
tion With unknown influences. Perhaps the most likely approach 
would be to use short lists in which pilot work shows that essentially 
aU subjects w0 recognize aU iteps. ' 

, At the present time, the possible sources of interference in within- 
list temporal codes simply have*npt received the attention necessaiy 
to. reach cohclusicftis. Although I undertook an experiment along the 
lines suggested by the abb>^ paradigm^ I did hot adequately .solve the 
problem of differential recognition, and time pressures have not 
allowed a foUowup^ although one o& the experiments to be reported 
later is related to the problem. We will see later that considerable 
information is available dealing with between-list interference on the 
,establishm.ent and perseverance of temporal codes. 

STRENGTH 

Memories may be said to differ 'in strength. Under most circum- 
stances, multiple occurrences of a given event will result in a stronger 
memory than will a single occurrence. The differences in strength are 
most easily inferred from differences in recall. It is reasonable to ask, 
therefore, whether this property of memories (strength) may enter 
into judgments of temporal order, hence may be said to be involved 
in temporal coding. 

•Let' us say that Tl "and T2 are presenfed at different points in 
trnie as parts of a task to be learned. Subsequently, they are pre- 
sented to the subjects and a recency judgment requested. What is 
required for subjects to utilize strength as a property that would 
yield a correct recency decision? First, the subjects must be able to 
assess differences in strength (a strength scanner?), and, second, 
they must apply the rule relating decreasing strength (forgetting) to 
the passage of time. In so doing^ they must reach the decision that 
the weakest of the two memories is the oldest. This may be stated 
nn another way. Assume that the strength of the two target memo- 
ries, Tl and T2!, were equivalent at the time of formation, and both 
weaken at equivalent rates over time. This can only mean that, at 

4i 
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the time of the recency judgment, T2 is stronger than Tl, and, if 
this property is used to distinguish age, T2 will be judged to be the 
most recent meinory. ! ' 

As is true with so many theories, the strength hypothesis runs 
into trouble with data. Two such instances may be noted in the data 
presented earlier. In Experimenr2, the Subjects did not conclude 
that two events, whose order thpy 604ilg not determine, must have 
been presented close together in time, '(mplemeritation of the cof- 
relatioTn (two events that are indistinguishable in order must have 
occurred close together in tirne) would have been expected on strict 
empirical grounds, and it would also have been expected if the sub-^ 
jects .were reaching their decisions on the basis of strength of the 
memories. In Experiment 4, had subjects been asked to recall, it 
would be expected that the initial items presented ^ the list would 
have shown the best recall- -would have been of highest strength. A. 
strength hypothesis, with no other factors involved, would predict 
that these" words wouJd -have been positioned after the words that 
occurred in the middle of the list. In Experiment 5, words presented 
only five seconds for study were positioned with abcjut equal accu- 
racy as words presented for longer study periods, and these latter 
words were better recalled than the fomier. Age judgments were not 
correlated with strength. 

The strength hypothesis is an appealing one, and has been worked 
out with considerable precision (e.g.. Minrichs, 1970*). Yet, it is 
obviously wrong when viewed as a single-factor theory. Experiments 
that have been devised explicitly to test a strength hypothesis have 
frequently used' at least the following two paradigms: 

T 1 T 1 .V X .V A* v T2 .V A* A" .V A' Test 
T l X X X \ X T2 X X X X x Test 

The test consists in both cases of a comparative recency judgment 
between Tl and Tl. The idea is that there will be more errors in the 
paradigm where Tl has occurred twice than in the paradigm where 
it has occurred once; that is, this would be true if strength alone 
determines the decisions. Now, in fact, there is so/ne disagreement as 
to the outcome of such- tt;sts (some illustrative studies: Flexner & 
Bower, 1 ^)74 ; (;albraith, 1 ^)75a ; (;albru.ith, 1 ^>76; Peterson, Johnson 
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& Coatney, J 969). There is no intent to try to resolve these dif- 
ferences here. We can be reasonably sure that strength cannot^-be 
accepted as a single principle for Assessing the temporal order of 
events. "Yet, we would not reject strength completely as a possible 
..cpntributor to a complex of attributes that may be inyolved in 
temporal coding. , ' ! 

; / In extreme form, a strength theory faces a difficult logical - 
problem. An extreme strength theory would say that when the^ same 
qvent occurs two or more times, a single trace of the event is estab- 
lished; each successive occurrence of the event simply makes the 
single trace stronger. If this is taken Hterally, a problem arises: If we 
present the same item twice, separated by othgr itertis, and, upon the 
sepond presentation ask the subjects for a 1^ judgment, they simply 
c6uldv.not comply. They could not comply, because ther^ would not 
be two events in their memoTV, only a'strofrg single event. But the 
facts are th^at subjects can readily comply with such a request and 
their lag judgments are (in some situations) related to true lag (see 
^ Wells, 1974, for a more detailed discussion of this and related issues). 
Any assumption that strength is used-to infer the age of memories 
must also assume that other information (no matter how crude) is 
carried in memory, which will allow a distinction between the two 
occurrences of the same nominal event. When this approach is pur- 
stied to its logical endl the' other extreme form of theorizing is 
reached, namely, that each occurrence of an event establishes a 
Unique trace (the multitrace hypothesis). Of course, at this extreme, 
the theorizing must incorporate some mechanism or process by 
which "the separate traces may in someway unite, combine, oi*sum * 
if we are to accept the fairly obvious fact 'that frequency of occur- 
rence and strength (as inferred from recall) are directly related. 
^ As a single, factor, strength cannot possibly mediate temporal 
judgments.' BuJ; there is no^ evidence that functional strength, how- 
ever constituted, is completely irr^lev.ant ^to all judgments con- 

^ ceming the ordering of memories on the time dimension. We know 
that subjects can make reasonably accurate decisions concerning the 
relative frequency with which words occur in printed discourse. 
Carroll and White (1973) asked subjects to make judgments of the 
point in their lives (from age 2 years) at which they first learned 
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each of 220 nouns. These judgments correlated quite highly with 
word frequency. Thus, in a sense, the strongest (most frequent) 
'words were the oldest. Of course, there are other ways to view such 
vdata, but the point of the moment is that we should not preempt 
■^strength as a possible factor among other factors involved in the 
temporal ordering of memories. 



EVENT FREQUENCY 

In experiments similar to Experiment 2, the subject is given two 
words from the list just presented and asked to estimate the number 
of other words that occurred between Tl and T2, Could it b&..that 
sub:[ects have kept a running count of the number of different^vvordf 
(events) and use this information to make their estimates? Such a 
possibiUty h^s been suggested (e.g., Berlyne, 1966; Lockhart, 1969), 
It is' known that, if words are repeated with varying frequencies in a 
hst, the subjects assimilate with 'some accuracy thete relative frequen- ' 
cies. Thus, if the subjects can ''count" different events (different 
words) in much he same way as they can count the frequencies of 
repeated event same words), it appears that temporal judgments 
might in part mediated by frequency information. There ^re 
problems with s idea. The subjects don't know which words are 
going to serve 11 and T2 functions on the test. Effectively, then, 
at the time of est, they have to use other information to identify 
the locus of the words in the study list before, say, making a lag 
judgment basea on the number of words that have intervened. The 
critical question concerns the way in . which the positions of the 
words are identified in the first place. 

To conclude that in the compion case it is difficult to see how 
event frequency can mediate temporal ordering is not to imply that' 
frequency of events i» irrel^ant to judgments of temporal ordering. 
In the usual experiment, the time between two targets is perfectly 
confounded with the number of events. It is not unreasonable to ask 
whether the recency judgment* for Tl and T2 would be influenced if 
thig correlation was broken. For example, the^umber of different 
events between two targets could be manipulat);d. One way would 
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be. to vary the rate of prese iL^.tL ^n of the events occurring between 
the two taiget events (e.g., 5 t\^ms at a two-second rate versus 10 
items at a;bne-second fate). Ar^tlher way. would be to vary the num- 
:b^^ events that irjrswene, holding the rate constant. In 

the extreme case^^^^ to^ a blank interval between the two 

'target events/ I have not fcHnnti suchi experiments reported in the 
literature. For the time bemi:. therefore, it must be concluded 
that the influQ:ilce of event frequency between Tl and T2 on recency 
-'and Jag jud^ents is unknown. . , . 



CONTEXT 



No single concept is so widely used in theories of memory func- 
tioning as is the concept of context. Context, when we attempt to 
give it operational meaning, refers to charactenstics of the e?#tf"mal 
^environment, characteristics :' casks in which the subject may be 
engaged, and characteristics . i the mental environment resurdng 
directly or indirectly from .":e experime-^tal procedures imp:>ed. 
Although* context is widely i^^d heoreticuily, it is probably correct 
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memory may be associated with a particular context. Nearly evei^^ 
member of my generation can tell exactly where he or'she was and 
what he or she was doing When given the information that the^ 
Japanese had attacked Pearl Harbor. Such illustrations can be nlulti- 
plied by any observer. In understanding the spoken language, iwe ^ 
know that th^5 meaning to be inferred from certain*^ words depends 
upon the momentary context established by the meaning of ot^er 
words. , i 

it will come as no surprise to realize that we often attempt to 
relate temporal encoding to. context. In doing this, howe v ihe 
theory must face problems that are not faced when appliec l \)taer 
memory phenomena. We might recall ,a certain event beca-:st n ;ts 
association (occurred in conjunction with) another more merrai :i:b' !^ 
event. No temporal coding is implied by .this phenomenor.. 
th6 temporal ordering of two events is mediated by differeniiu zzz- 
tpxts for Tl and T2 (because the contexts are more memorable Tin:. 
Tl- and T2), there must be some basis for asserting also that the 
sets of contextual memories may be ordered more readily :ran rv 
target memories. 

If the -two different contexts {associated withTl and Tl) .livea: 
intrinsic order such that it corresponds to a cause-effect secuenie c- 
to another type of^me metric (e.g., calendar dates), there cil^. re nc 
doubt that ccrtext could lead to correct tenlporal ordering :i Tl 
and T2, an o^:.-jring that would not have been possible without the 
contexts. Sucr. an effect has been demonstrated (Gueijther & Linton, 
19,75), and it nakes clear that context can mediate proper ordering 
of target memories. But, how can contexts, without a built-in tem- 
poral ordering, mediate ordering? How can context dif' rrences 
lead to better temporal ordering than Tl and T2? Ji we ass. r e hat 
Tl was in a red context, T2 in a blue context, and that the ^ sc::ia- 
tions between targets and contexts were established, the quesiion 
concerj^ how it is possible for red and blue to be better _^dered 
than Tl and T2. That contexts without a built-in ordering ^stem 
can influence"^ the temporal coding of associated target r niciies 
does not seem possible. Nevel"theless, in keeping with the i .taiive 
atmcjsphere that I have tried to establish in this chapter, the matter 
will not be closed. Several experiments in which context was^anip- 
ulated will be reported jn Chapter 5. ^ 
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^Iri tHs chapter, I have given some information about the fact^ 
"theories that^ere available to us. This was not viewed as^a 
jhensiye^^^^^ For example, I havQ not ' cohered 

certain experiments dealing with characteristics of the events 
as words versus pictures (e.g.,- Fo2;ard, 1970), words versus nonlsense 
syllables (e.g., Flexser & Bower, 1974), or low versus high association 
value of syllables (Wolff, 1966). Such studies have not beeii 
missed as being 'irrelevant to my inquiry; rather, I found such 
produced intrinsic difficulties of interpretation, which I chose; 
to pursue in this book. 

As noted in the first chapter, the interest in temporal codin: 
instigated by some puzzling results on temporal differentiation 
between Ust^in which the proactive inhibition paradigm was invclved 
In atteraptiSs: to acquire some una standing of the mechani 
involved in producing the puzzle. 1 led to a number of e> 
m0Qt8 irrvolvmg both.within-list and 
effect, I earned out two lines of res^ar 
began to expand to include pro~it : . 
In preserving the experiments ir. ir.-^ ■ 
compatible :.: oroceed historicallv F 
this was ju:!' ;iecessary, and so it 



, Ir 



tween-list manipulatiops 

In this pro:::^. my 

temporal ^ :-Jig in gerjera! 
vt cha* '^T>, -^ind it 
r some xp^rimje 

adopt- a: eneral 



45 



and 



]l was 



sms 
pen- 



interest 



;nts. 



3dan 



th6 Puzzle 



' I have long held a deep affection for the phenpm^on of proactive 




reluctant to accept my theoretical gifts. Ir view of these experiences 
wifb proactive (nhibnion, 1 suppose :hat I should have been prepare- 
*for the series 'of evi^ats that I '^il relate m this and the followir.£ 
dsaptfr "I was noi rre^ired f:r ;nem- and I am convinced thev 
v;ouic Tcver have hacreried ex-^epi for one of those casual or inc - 
•jtnz^ aecisions thai are. inevmbiy necessary "in designing expen- 
:n:erni- This dscisic^: will become exposed in due timei. It is nec^san' 
finr: :- give :ne bii^kgrounc' fcr major experbnent we undertoc: 
cM97' 



TH^ ACKGROUND 

■^rc-j inhi:)ition is a fte: -ion loss for a parri&^tlar task attributed 
:o :ne lor leami^ig of oth tasks. More stnctly speaking, the loss 
s measured' agauTSt a contrc -roup that is not given prior learning. 
Toactive inhibition and its e-riier discovered kin, retroactive inhibi- 
ion, have been thought to-bi- the, oasic paradigms, for all forgetting 
::>oth V thin and outside th laboiutory They are linked together 
:hrour ^he c ommon generr ntemretative concept of interference, 
a con. i pt brought to the ii: 1932 as a result of McGeoch's 
Tiethc ical and logical destruction of alternatives, and by his master- 
fi^l su nming up of the evidence for intefference^like effects in 
jretro^i-iiYe ^inhiiytion. Given this oriei}tationr^1:he development of 
our T ':Derir ental knowledge ibr both retroactive and proactive 
inhibinjn runged on the selection of independent variables- that 
wouk jause i|jie amount of interference to vary. With theoretical 
elaboratior. Undenvtl^ & Postman. 1^60), it seemed that a rather 
compreher rr. r theory of * ^^rge*^ in^ was available. Alas, this was 
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The theory i^ould not be supported in the inanner it 
This fdlure W3s not interpreted to mean that proactive 
and letrbac^tive inhibition were not basic :o the understanding of 
' rather, it was taken to /mean that som^hing had been 

in working out tise detaite of the inteiferemce mechanisms. 
_.:to. castu]g-about-for i^ might be used to revise "the 

th^o^y, Bruce Ekstrand and I undertook an experiment on proactive 
inhibition in which one of tile independent ariables was the distri- 
bution^ of learning of the interfering list (Underwood. & Ekstrand, 
1966). We used the A-B, A-D interference' paradigm for -aired- 
associate lists, hence the distribution of pr:actice was applied to the 
Jeamihg of ^4-5. Among other conditions. :he subject was given 32 
trials on. 4~-B, Under the distributed conditions, eight trials were 
given I cm four successive days (Monday, ^jesday, Wednesday, knd 
Thurskla^. Immediately after he A~B -als on Thursday, A-D 
leamipg was administered until ':::e subject z-tained a criterion of one 
perfect trial. On Friday, 24 hour after learr:-ng^--Z^. it was recalled. 
Although we did not fiave a cor.trol conanion (only A-D learning) 
we ki|ew that the ^^caffl scores we observec were so high that essen- . 
tially there was no, proactive inhibition, a.. J this presurr ruon was 
fully supported in> later studies In another condition, ai 32 trials 
on A-B were given just prior to the learning of on Thursday. 
This massing of the A-B trials resulted m very^heavy proactive 
.interference in the 24-hour recall scores for i D. 

In interpreting the above finding, it s-eemed^ possible that the 
distribution of A~B trials over days resulted in the estabbshment of 
a clear differentiation between the two lists a dir:erw^ntic.tion that 
•allowed the ^ubjecr to identify the respor : tern , perfectly v^th 
sach list so that the interference was minimal. DirTerentiatior was 
simply anothe- way of speaking of a temporal di-cnmination. in 
another expenr:ent, Keppel (1964>had shown thai :f the learning of 
the Ar-D' list vas distributed over days (with A B massed), the 
forgetting of was markedly diminished. It appeared, therefore,^ 
that the distnnuted learning- (over days) of either the A~~B or A-D 
tasks markedly diminished proactive interference. This was not only 
a conclusion of great practical importance, but also seeiped to indi- 
cate that the temporal differentiation between interfering tasks was 
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extremely critical in determining ihe^a^ibunt o proactive inter- 
ference. 

It can be seen, however, that the critical independent variable 
could not be identified with confidence in the Underwood— Ekst rand 

-stUdyv-Was itMhe distribution-oM trialrltat-was^cn^^ 
or was it tHe fact that the initial learning of th; A-B list tQok- 
place on Mjonday? Did the temporal differentiation depend upon 
the fact that A~B learning was initiated on Monday and not upon 
the fact that the acquisition trials on A~B were uistributad over 

^"f^x days? The obvious next ste*p was to have A - L learnec|&n its 
entirety on Monday, with A-D being learned on Tt.rsday, and to 
compare the recall of A-D following this schedule vith its recall 
when A~B and A D were boTh learned on Thursday step was 

carried out by Underwood unci Frecind (1^68). n the results 
being depicted in Figure 6. With the Monciay Thursda\ chedule 
for A ~B and A-D learning, recall was 65'^^^^. with A-B and A—D 
both being learned on Jhursday, recall was 58'/^. Although no 
precise comp^sons could be made with the previous -^ork, it 
seemed reasonable at the time to conclude that the distrinution of 
A~B learning was not the critical independent variable; rather, it 
was the temporal separation in the learning oi the A B and A-D 

' lists that established! the tLMiiporal discnminatior 

The difference in the anioLin; -rorgetting er '1 ■ --^ hours for 
the two condition^ sht:)wn m Figure 6 musi br -j-iph,asized. In 
another condition in the experiment, six of the '2 A-B pairs were 
carried over intac into the ' D ist tor the gro -ins earning both 
lists on Thursday The recall of t: r six A -D pair n* carried over 
was essentially the same as ror, t:~i: condition \w -hi - both A—B 
and A D learning occurred on Tr ^irsday, The pur-os- Dr carrying 
over intact pairs was to make rne temporal discnrr nation even 
more difficult,, assuming that such discrimination i.^ bav i primarily 
on information about list membership of the items. Air-\-^ugh recall 
was not influenced the carryover of pairs, the number af intru^ 
sions (giving B responses at recall in place of / -spr- -.e^^ w^is. in 
.fact, the number ot cor t respr ^es and the number z r:-asions 
were about equal in trr.;ueney, u \ th^s implied ihat.u. "'c^iiHi nation 
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FIGURE 6. Proactive interference as a function of the days separating the 
learning of A-B and >4-D. (Data from Underwood & Freundj^l968,) 




was completely destroyed. \y% argued at that time that if the 
made a reasonable nurriber of responses on the recall trial, the-amount 
of "proactive ii\hibition would never be nws^h greater th^ that 
observed. Even with no temporal discrimination, if the supjects 
respond with some frequency to each stimulus term, they are likely 
to give the correct response for the A -D list half the time. 
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II' * • SOME IMPLICATIONS ^ 

Our finding (as seen in Figure 6) was not an isolated one. Alin^ 
TTpW used "senal lists of ^n^ syUables. In one case, a six- 

day interval separated the^aming of the two.lists, and in another, 
the separation interval was^O days. Recall was higher (proactive 
inhibitiSn was less) for the latter condition than for. the former. , 
Ihafeinen (1968) pubUshed an article in which four different expen- 
ments were reported on the influence of the interval between two 
intervening tasks on the recall of the second. His results, too, showed 
that several days between the two lists facilitated recall as compared 
with a few minutes between lists. 

A criterion for evaluating the generaUty of a phenomenon of 
memory is whether it can be demonstrated also in a short-term 
memory paradigm. That is, can' a buildup of proactive inhibition be 
retarded by inserting temporal intervals between the leammg of 
successive interfering elements? At least three studies have shown 
this to be the case (Maslow, 1934; Peterson & GentUe, 1965;Kincaid 
& Wickpns, 1970). It appears, therefore, that a fairly general conclu- 
sion may be reached, namfely, that, as the interval between the 
acquisition of two potentially interfering lists increases, proactive, 
inhibition decreases. Temporal differentiation, it seems, is a powerful 
deterrant to interfering processes. 

Some. of us have stated the extreme case of proactive inhibition, 
namely, that any associations learned from the beginning of hfe, 
which may be in apparent conflict with associations learned at any 
point in later life, will serve as a source 6f proactive inhibition for 
the later memory. But, speaking in relation td long-term proactive 
effects, we have seen that even a period as short as three days inserted 
between two interfering tasks (A-B and A-D lists) will essentially 
eliminate proactive interference. Are we then to change our thmkmg 
to correspond to such facts and conclude that proactive mhibition 
as a source of forgetting has been greatly overestimated? Ate we 
to conclude that outside the laboratory, proactive inhibition is a 
minor factor in forgetting and that the potential of interference from 
early jj^emories on later memories must be sharply restncted to 
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. membries tbat weite established close together in time? Can a tern-/- 
; poral differibntiation be^ so^owerful as to require such a change in 
] thinking? x_ 

The unknown factor in the above reasoning is the length of the 
retention interval; that is, the interval between learning the second 
: task and its; recall. Logically, proactive inhibition, if there is to be 
any at/all,; jmust increase as some function of the length of the 
retention interval. We have seen that memory for the order of two . 
events sep^ated by a constant interval decreases as the interval 
increases after the second memory is established (Squire, Chace, & 
Slater, 1975). It would be anticipated that the temporal discrimina- 
tion between two lists, established by having learned them on separate \ 
days, would decrease as the retention interval increases. In short, 
it would appear that we ar^ dealh^g with two intervals that interact 
to produpi changes in the magnitude of the proactive inhibition. If 
the temporal discrimination breaks down rather quickly as,the reten- 
tion interval increases, proactive inhibition could regain its stajius 
as a critical factor in forgetting. 

It was apparent that an experiment was needed to resolve the 
issue, an e^eriment in which both of the intervals in question 
would be manipulated. For three years I delayed, hoping that some 
other investigator would see4ije need ahd undertake the work. The 
delay on my part was based on two matters. First, the outcome^ 
seemed logically to be foreordained; the two intervals simply had to 
interact in determining proactive inhibition. However, because I 
have seen a number of cases in our laboratory where resulVs did 
not come out in a certain way when all logic, fact, and theory said 
they should, this presumed certainty of outcome alone was not a 
primary deterrant. But, when this was considered along with the- 
setond matter, I did^pause. The fact is that such' experiments are " 
e|^/tremely difficult, expensive, and time consuming to do. It was, 
fnen, a question of where resources should be allocated. I do not 
remember the particular stimulus that made tlfte decision; all I . 
. reme Wer ^ that, at some point, I decided that the ^experiment 
simply hadyto be done. Simultaneously, the decision made was 
to^Ti^-^ffleac^TTan' the bare-bones experiment necessary to show the 
interaction lietween the intervals. 

53 
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EXPERIMENT 6 

By all con^derations, a Weber-like function should hold between 
temporal discrimination and the length of the interval between the 
two lists. Tills would imply that inserting a day between thejearhing 
of A-B and the learning of would have a very strong effect, 
whereas, with each additional day inserted, the increase in the 
temporal discrimination should become less and less. This led us to 
use four intervals between the learning of A-B. and A-D, namely, 
0, A, 2, and 3 days. Three retention intervals were decided upon, 
r, 4,' and 8 days. We were, in fact, unable to carry out the conditions 
-using the 8-day interval, and so only two retention intervals were 
involved. We had reason to believe that tKe resuit/might be to some 
degree dependent upon the nature of the recalUt^sts. If proactive 
• inhibition results entirely from the failure of list discrimination, none 
Vflh ^ ^ be found in an unpaced test in which list discnmination 
v^s not of moment. We therefore used two different types of reten- 
tion tests for different groups of subjects: a paced recall of A-D and 
an unpaced test, the latter being the MMFR test, in which the 
subject is asketl to produce -both the B and D response terms to 
each stimulus term, with no time pressure. 

With 0, 1, 2, or 3 days separating /I -fi and A-D and with two 
retention intervals (1 day and 4 days), eight conditions were repre- 
sented In addition, two controls werq used (one for each retention 
interval) in. which only the A-D. list was learned. It can be seen 
that with two types of recall, a total of 20 different conditions 
was required. These 20 conditions were represented by 20 different 
groups of 18 subjects each. ^ ' 



Some Details 



The A-B list was learned either on Monday, Tuesday, Wednesday, 
or Thursday. The /1-DSist was always learned on Thursday, and; 
for the groups learning A-B on Thursday, A-D learning followed 
immediately. Retention measurements wefe taken either on Friday 
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V v;^ : (on the following Monday .(four-day:^ 

retenU^ 

The A-B and ,A-D lists consisted of 1.2 pairs; The words were 
' : = all of two syllables and represented a randonj sample of a still larger 
v^^^^^^ of two-syllable,^^ words from Thorndike and Lorge 

(1944), All pairings were random, and oile of the lists was arbitrarily 
designated as the A—B list, the other as%e list. The learning 
of ^—5 was carried to 'one perfect trial usirig the anticipation method 
. with the memory drum set jat a 2:2-second rate. The A-D le^ing 
was-carried to the same criterion. On paced reciill, the subjects were 
• i^^ were to recall thQ second Ust bf the two learned, 

^yr^jpy to get as many correct on the first trial as possible, and then 
__tx]^^coiitinu 

The two control groups, C-l and C-4, were merely asked to recall' 
and relearn the single list (^—i?) they had learned. 

The subjects in the groups given MMFR^were provided with a , 
,sheet on which the stimulus terms were listed with two blanks after 
each. They were asked to write the response terms from the first 
list opposite the appropriate stimulus in the first column and to 
write the response terms for the second list in the second column, 
The test was unpaced, and the subjects were urged to guess when 
in doubt. The two control groups merely supplied the response 
'^"^TtemsTor the K^^^^ 

The 360 subjects were college students, assigned to particular 
conditions by a block-ranc^mized schedule. Any subject requiritig 
oyer 30 trials to reach the criterion on A —B was dropped and replaced 
with the next subject by that particular experimentalist. The sub- 
jects were not flowed to serve in any other experiment while they 
were involved in thp one under discussion. 

The.^.dK^-gathering phase of the experiment required approxi- ' 
mately '^'a^^iear and a half and several durable and 'patient research 
assistants. Although 1 frequently scanned the raw data sheets during 
the course of testing, 1 only once made a tally of the recall, at a 
time when about half of the testing had been completed. Although 

distii^tiy remember an unpleasant feeling attending these tallies, 
T quickly put it out of my mind with the rationalization that the 
subjects were too few in number to expect stable results at that 
time. ■ ^ * : 



tBesults : ; ^ , * / 

Arrff and A—D learning. Sixteen groups learned tiae sarne >1 —5 
list, four different 'groups on eaich of four different days. THe groups 
/ would subsequently be differentiated on length , of the . retention 
'^iaterval and type of reealL The mean numbers of trials required to 
reach one perfect trial on the A—B list vy^pre 12.64, n.46, 11.25, 
and: 12.54 for Monday, Tuesday, Wednesday, and Thunsday, respec- 
twely. The. first conclusion, of questionable profundity, is that 
day of the, week is not related to rate of learning. 

The mean numbers of trials to learnyl— Z? as a function of the 
day of the week (Monday through Thursday) on whic h A—B was ' - 
"^leaWed"W^e^^^^^ foiif control groups 

averaged 9.19 trials to leam A—Z), the means ranging between 
8;44 and 9.81 .. Although the values for the control groups , were 
somewhat greater than those for the experimental groups, the 
difference was not statistically reliable. Thg^protocoJ§ were examined 
for intrusions of B terms during the learning of A~Z), as a function 
of the temporal separation of the two lists. The number of .subjects 
(out qf 72 possible) contributing intrusions weVe 12-, 11,8, and 7 as 
the interval between A -^5' and A~D increased (0, 1^ 2, 3 days). ^ 
The corresponding totaL-numbers of iritrusions were 18, 22, 16, and 
10. _ - - ' . ' v r » 

The A '—B and A—D lists were analyzed to derermine the reliability 
of pair difficulty and the relationship Ijetween the difficulty of the 
A—B paks and the corresponding >1—Z> pairs. A rank was determined 
for each of the-.i,2 A^D pairs for 144 of the experimental subjects 
and an equivalent set of ranks for the remaining 144 experimental 
subjects. The correlation was .98, indicating very high reliability of 
pair difficulty. The correlation between the rank^ for theyl— 5 
pairs (summed across 288 subjects) and the ranks for the corre- 
sponding vl—D pairs (as determined by the stimulus identit^^,) was' 
.69. Clearly, the cornmon stimulus terms in the two lists were sub- 
stantially involved in determining pair difficulty in both lists. 

Paced recall and relearning. The number of correct? /I— Z^ iret; 
sponses on the paced recall trial were transformed to percents. 
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(xwing 12 as a base). These are showri-in Figure 7. The clotted lines 
>repr^^^^^ two cpntrol groups (^1 and G-4), and 

: *. t lines/ the;; recall for the experimental groups (E7I and E-4) 

after tifee sanie retention intervals. Although it is clear that there: 
: w^^^ after bbtli retention intervals^ 

the ixnejfpected finding is that the ampurit .of proactive fnhi^ion 




Days Between Learning A-B and A-D 

FlpURE 7. Paced. recall as a function of the temporal separation and length of 
the retention interval. C refers to control groups (not having learned yl-^) and 
J? to the experimental groups. The number appended to E and C represents 
length of the retentiori interval in days (Experiment 6). 
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•was unrelated to the. temporal separation of A-B and ^-1);' the 
recaU: was ess a function of the day on wWch A-fi ; f 

was learned <F= ;i2)VThe esseijtial results of the e^U^^ ; * 

prompted the current one, were shown m Figure 6; the present; - 
resxilts obyioudy^ f the earUpr finding;tha 

of tlu-ee da^^^^ betWeeij A-B ^nd ^-^Z) markedly redu^ 
interfference. It has been said that experimental: psychologist's fre- 
quently; have good reasons for demonstrating tendencies, toward 
. alcoholism ; it is now evident as to why this might be true. 
— ^s^majM?e-^e©fl-i^~?^ 
(diffejrence bQtWeen E and C) appears to be about^equivalent after . 
orte day a^^^ tWs was- suppiorfed by statistical. 

tests. This m^ans, therefore, /that the proactive inhibition observed 
\ had reacK'ed its maximum 'within 24 hours after learning vl-i?;. 
The relearhing sc6res fov A-I): (trials to reach one perfect) did. 
not differ as a function of the interval between .4-5 and 
lemming for either retention interval, but there was clear evidence of 
proactive inhibition in releaming. the mean numbers of tri^s to 
releam fpr Groups C-1 and C^.were 2.78 and 3,78, respectively. . ; 
vFor groups 0-1 and Oj-4 (the two groups with a zero interlirt ;< 
^tmPl-djiQ^^^ and 4.44, An analysis 

of variance ijridicated thatreleaming was more, rapid for the control 
groups thian tor the experimental groups, F(l, 68) = 5,02, p < .05, 
and that releaming was slower after the four^^lay 3fterval than after 
t^e one-day interval (F = 4.56), but that the interaction was not 
reliabler In summary, the^ data yielded no evidence that a temporal . 
separation between A-B. and A-D produced a tenjporal differentia- x 
k tion, which in turn resulted in a reduction in proactive inhibition 
• in paced recall. For all separations; the amount of proactive inhibi- 
tion was statistically the same and, unlike most previous studies, 
the. releaming was retarded by the proactive effects. 

The degree of differentiation between lists has frequently been 
indexed by ihterlist intrusions during recall and releamuig,^ with tlie 
.greater number of intrusions being associated with low di|ferentia- 
tion. For having the one-day retention int^i^, the 

'number of subjects producing mtrusions and the total number of 
intrusions produced both decreased directly as the temporal separa- 
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^ ^^v^^ and :yi— jp increas^d^ The numbers of subjects 

J?;0f^^*' ^ possible 18)' producing intrusions 13, 1 1, 7, mid 3, 
g^for^^^^^ The Correspondihg numbers of 

'l'*fint l,and 3. As indicated earlier, it was expectec 

|r>^ihat, betwcien A-B and A-D leamixitf 

^r^iti^ dfecitaiinatioij bi^een-th&^ two Usts should decre^ 

as the retention interval increased. The intrusions for the four-day 
retention interval support this expectation; however, the temporal 
separation m the learning of the two lists becaine a relatively minor 
factor at the four-jay retenti test. As , the separation variable 
: increased, the niinibbts^^ producirig; ^intrusions were iH, 

i:^l4,^L2y-and--l 

y^ere SlyAh 25,.and 25. ^ -J' v v ^ ; - / .-J ' 
V \ vThe mtrusion^d^ provided no obvious coherent picture. relating 
recall arid the tempoml separation in the.iearxiing gfj^^ and 
;Th^^^ intrusions .(at the one-day interval inaisRed that iiitrii- 

sion.likelihood and temporal separation were inversely'related.' Yet, 
' reqaU was; uiiJ^ Several vpbints vvill be 

made about this situation, ' // • * 

....^^ i/,:,Tp. ..not^a^t^^^^ 

sions is not new (e.g., Underwood & Ekstrand, 1966); it raises the 
issue of whether intrusioi^^^e to be viewed as indices of ^n under- 
lying causal factor'in fotp'fting, or merely as concomitants of for- 
getting. 

^ 2. Intrusions may be epiphenominal in that across the separation 
variable there is a change in the criterion set by the subjects, for 
responding with^the B terms. With a long interval separating'yl-5 
and A—Dy a subject may realize that the B responses are not Appro- 
priate :^^the second-list recall; therefore he sets^a high criterion' for 
respon^g. With a short interval, this knowledge may not b6 present, 
and a lower crit^ris?ai^^ responding may be set. In effect, this 
position^ a^se^t^'t^t^^ was/ 
directly related! fb iSife^^^ 

why was not recall trrffutncedf " - ^ ^ I 

• 3. Another possibility is that the y4 -5 associations werb forgotten 
over the interval, so that,^t}a the three-day separation, there would 
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't)te fewer available responses^to ^intrude than would .be the case with 
the zero Reparation w Both in the present experiment and in experi- 
ments to 6e reported later, there is a great deal of evidence that ,; 
wbiild deny, this position. For example, if this \yas the only factor 
involvisd; mtnisions sJiou^ fewer in number' after the four-d^y 
retent^9n intervail than after the one-day interval. 

4w l think that, at this point, the most direct ionclusion is that 
dififerentiai temporal <joding of the two lists was hot appreciably 
iilfluencpd by the separation between i4-*5 Siid i4—i?, and that 
the; differences in the number of intrusions associated with the 

eriteiipn "differences (it may be gcJnjectured) were associated with 
the. relatively superficial knowledge that the lists had been leaxned on 
"^different days. The criterion established'by the subject for respond- 
ing decreased as the' two lists learned were closer together in time. 
With the. four-day^ retention interval, criterion differences were , 
Tiegligible. ; ' 

IMMFR, For this test, the subjects were given the ,1,2 stimulus 
terms and were asked to supply the appropriate response terms in 

..two columns, the. firstLColumn for the 5 response-tennsy the second 
for the X) terms. A stringent scoring procedure required thqt an item . 
be counted correct only if paired with the appropriate stimulus in 
the appropriate list. The results fox this type of scoring for the 
unpaced MMFR test are shown in Figure .8.. Since A—B was also^ 
recalled, a comparison betwfeen proactive and retroactive inhibition, 
becomes possible. ' . 

At first gl^ce, the data in Figure 8 Appear to present a rather 
complicated picture. However, statistically the picture is relatively 
simple as far as the separation variable (days between A—B and 
A-D) is concerned. AH of flhe'lines for both A-B Sitid A-D may 

. be considered to have zero slCpe, which means that the time between 
A'-B mi A-D did not influence the unpaced recall, F( 3, 136) = 
2.52, p :A .05. Also, the separation variable did not interact with any 
of the other variables. Nevertheless, it .might be argued that, in spite 
of the lack of statistical' reliability, the fi^ct that performance *was 
.better with the zero separation interval for all four pases cannot be 
completely ignored. If not to be ignored, it might be suggested that. 
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Days Between Learning A-B and A-D 

^ FIGURES. Unpaced recall (MMFR) for A~-B and A-D when scored strin- 
gently in that an item was counted correct only if paired with the correct 
stimulus in the appropriate list (Experiment 6). 

again, criterion differences may lead to a greater humber of responses 
* being produced^with the zero separation than with the other separa- 
tion intervals. The MMFR test does not guarantee that the subjects 
will respond with all items available to them. 

Figure 8 makes it evident that there were heavy losses in the 
retention of both lists when the performance of the control groups 
are used as reference points. Furthermore, although the A—D list 
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Vsliovvs less\l^^^^ day than does the A-jB list, the positions 

•are reversed ^^^^ the four-day retentio>n interval. The statistical 
analysis for the eight experimental groups showed this interaction 
to be hi^y> reliable (F = 35.27). In fact, if retention of A-B is 
considered to reflect retroactive inhibition and the retention of. 
i4-i) to reflect proactive inhibition, and if the control groups are 
used as reference ' poii^, retroactiye inhibition decreasigs as the 
retentipn , interval increases, while 'proactive inhibitkm increases. 
This = interaction, obtains to a greater or lesser degree, regardless 
of the day on which' A-B learning occui^^d. Perhaps mi)st unexpected 
: of all was the very heavy in^rference'that occurred \i the MMFR 
^ tests. Summing across the .temporal separation. vanabl\and using 
the^control gro;m)s as a base, proactive, inhibition in MMFR was 
18% after one day, and 25% after four days, the corresponding 
• values for paced, recall were 27% and 21%. 

An evaluation was made of the, MMFR results when the scoring 
«vas not stringent, that is, the criterion that the response terms must 
■be in the appropriate lis't was ^j^inated. If proactive inhibition is 
largely a matter of the subject's inability to identify the appropriate 
list Ifirst or second) for the response terms, it should have disap- 
peared when this criterion for the scoring wW eliminated. This 
.was clearly not the case. Although petformance on A-D was higher 
than: it was under striiigent scoring, there was proactive inKibition. 
for all eight groups. Again the separation variable had no reliable 
influence. The major ^consequence of reducing the .stringency in 
scoring was to produce about equivalent amounts of retroactive 
and proactive inhibition after four days (approximately 58% recall 
versus 70% for the control). Finally, when the scoring involved only 
the production of response terms, the fesult was much th^ saine as 
when ojily cDnejCt pairing was required. The number correct iiicreased 
somewhat for all conditions, but again, proactive inhibition was 
evidei'nt in all eight conditions. ^ V ♦ 

\A/HAT HAPPEIsiED? ' 

The failure to replicate one's own research does little to nounsh 
thofspirit. Even at my ielatively advanced age, there were fleeting 
thoughts about joining my brother in his estabUshed i)usiness or 
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aliouj^pening a small antique shop on comer. In so doing, I 

; woiild leave the whole bloody mess to my more stable colleagues at 
Berkeley, Stanford;Tbronto/Oregon, and Col^ 

What had happened? After seeing the need for a carefully done 
parametric experiment to tie up the loose ends on the role of tem- 
-^Pjl'pral coding in proactive inliibition, r waited three years before 
undertaJcing the needed experiment because the outcome seemed 
cibvious and the costs were substantial Finally, despairing that no 
one else had Sufficient interest xtb do the study, it was done— and 
now the despair arose from another source. I had failed to replicate 
' an effect, which- by our usual-'standirds was enq*^ What had 
. -jhappened? It clearly was not a case in which n^t^e had shown a 
- fickle side; the results o if the study were stable ^nil'^oWerlyi th 
[Sdmply did not correspond to expectations based on previ(^us results^ 
nor upon a crude theory of terhporal coding, Most importantly, 
the results sho^d that a temporal code, different fpr each list, 
was not estabUih^^d by the procedures used. Or, if established, the 
differences in the temporal codes were^ insufficient to influence 
"pertormance on either^T paced or unpaced test of recall after 24 
hours. , * I 

The experiment did produce evidence tha^ proactive kihibition in 
the ^—5, A—D paradigm, can occur in heavy amounts even with the 
MMFR test and that, in long-term memory, proactive interference 
, may be as powerful or mcJre powerful than retroactive interference. 
Jt is a very rare case to show proactive inhibition in relearning; 
clearly, th^ vl -5 task exerted a strong effect on the recall anrf 
. ir^learning'^W 4^I>, even when A-B had been acquired eight days 
aarlier. It j^s vefy tempting at this juncture to turn my attention to 
mis topic (proactive inhibition) and forget about the central theme, 
lamely, between-list temporal coding. It was not to be. I will leave ' 
/the implications of the results of Experiment 6 for forgetting theory 
to another time. In following the central theme, I must face directly 
the reason for the failure^ to replicate earlier findings, but in doing 
so, proactive inhibition is seen primarily as a vehicle for the study of 
between-list temporal coding. In looking fpr possible reasons for the 
failure- to reproduce the earlier result, attention must be directed 
toward static variables, whioh differed for the two experiments. One 
or more of these variables must interact with the interval between 
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AS md A^—p in detennining performance. lin assessing the likeli- 
hood of such ^n interaction for a given variable/the Vvorlc of other 
investigators on. betwe en-list temporal codirig becomes or some 
interest. . . 

* POTENJ[AL INTERACTING VARIABLES , 

Lists 

One of . the obvious differences €^ween our earlier exp>erimenr 
(1968) and the present one was in the lists used. Both sets of lists 
are shown in Table 2. gpr reference purposes, I will call the lists i 
used in our^ earlier^ study the 1968 Lists, those, in Experiment 6, ; 
the 1971 Lis^. The 1968 Lists were used in a still earlier study on 
proactive inhibition, in which the major variables were degree of 
A—B learning and the massing or distribution of A~B learning 
(Underwood & Ekstrand, 1966). The fhree-letter words used as 
-stimiilus-t^ms-have- relatively-lewT-and homogerreoiis ^recfcrelicyTn 
the Thomdike-Lorge (1944) tables, the average frequency being 
approximately 13 per million. The two-syllable adjectives used ^ 
response terms varied widely in frequency, from 2 per million to 
one^r4^ word. A* rough average is 25 per miUiop. The use of the 
one-syllable woraf as stimulus terms and the two-syllable words as 
response terms was inteJided to minimize the problem of discrim- 
inating between stimulus ami response terms. 

The words in the 1971 List^ were all of two syllable, A A fre- 
quency, and constituted a i;amiom sample of such words. Almost all 
of the words serve more than one function in the language. For 
example, the '^'ox& second occurs as a noun, adjective, adverb, and 
verb. However, the most predominant usage of the 24 Worjis is as 
nouns. ' ^ 

It may be asked why the ^^V^^ Lists wer- nc ? . lor Expcnnicnl 
6. The reason tcw ^ot ir^ Mvv 1968- Lists was that some nf the 
words frojii tlie lists were being used 'in another exper : ! cuig 
conducted at the same time as Experiment 6, and, since a subject 
might serve in. both experiments, we did not want a repetition of 
words across experiments. It is this fortuitous ^et of events that 
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Lists Used In the 1 96S Sttifly^and in Experiment 6 (1 971 Lists) * 



1968 Lists < 



J971 Usts 



A^B 



A-D 



cot— gloomy 
lid-absurd 
. elm-haughty ' 
tug-dirty 
iriar—wicked 
' bug-empty' 
" kiii-rurai 
jaw— constant 
sly-fruitful 
i haih— reiDjote 
gum— Speedy 
j;^-r^g--modest- 



cot— plaj^ful 
ird--sturdy 
•elm-angry , 

. tug-barren, 
mar— lazy 
bug-double 

- kin— insane 
jaw-frigid 
sly-healthy; - 
ham— rotten 
gum— cheerful 
wig^ranquil 



listen— degre? 
outside— meeting 
member— Supply 
doctor— enjoy 

, daily— sudden 
second-spirit 

^ modern— decide 
market-island 
single-heaven 
express-gentle 
children— river 
uncle— honor 



listen— city 
outside— army 
member— fellow^ 
doctor— question^ . 
daiiy— human 
second— golden 
modern- sugar 
market— herself 
single— suggest 
express— effort 
children— to\yard • 
uncle—flower 



Surely miist have changed the direction of our research for several 
years. I am convinced that, had we used the 1968 Lists for the 1971 
experinlent^CExperiment 6), the results would have, been as expected, 
and they would have shown a clear decreasirig function between' the 
aMount of proactive interference and the lays separating A^B and 
A'-D learning. \s it is, we have stumM i sorile variable that has 
a ralhgr profoj nd effect on between-Ust discrimiriatio^i. But whether 
this variable is one associated with Ust differences or is quite of a 
different nature remains to he seen. I have long believed that as a 
research strategy it is not a good idea to keep staHc vrH; bles-tx n- 
stant across experiments when tho- ^. :K>ies are not . . primary 
interest, and this is true in particuiai when the roles of the static 
variables are not understood. To hold static variables constant 
across experiments may prevent the discovery of critical interacting 
variables, and it in^y also prevent usfrom determining that some 
variablesxare irrelevant for a given phenomenon. In fact, however, I 
do not normally follow my own beUef in this matter. It is easy and 
convenient to use the materials that are already available, to use the 
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same length of Ust, to.yse'the same mteival?', and so on^ It is quite 
apparent to me that had we been able to use the 1968 Lists in the. 
'1971 experiment, we woufd have dorie so. Our lives would have been 
less jolted and restructured, but we very likely would not have made 
the discovery we have made, whatever it tiirns out to be. 

A question concerning the choice of lists for the 1971 experiment 
^ still, remaiiis. Having found it necessaiy to construct new lists, why 
were the high-frequency words chosen? My notes do not give an 
answer tcrthis question; Perhaps like the mountain, the random pool 
of two-syllable, AA words was there, and having no reason to beUeve 
■ that a^ritical choice was involved, I proceeded to use them. 
^ ci^M^ one of the obvious differences between the two sets of 
Pssts is^e frequency of the words. The 1971 Lists contain dSl AA 
swords, whereas the 1968 Lists include a wide range of frequencies 
(^though the' stimulus terms are quite homogeneous with respect to 
. this characteristic)/ Furthermore, it would seem that there is a 
theoretical reason why between-liSt differentiation- might be more 
.. difficult as word frequency increases. It has been known -since the, 
work of Deese (1960) that high frequency words have more (and 
perhaps stronger) intetitem associations 'than dor low-frequency 
: wordsl, Thus, a word in ^-5 might be assqciated with a word in 
>1-Z) (e.g., Human and spirit in the 1971 Lists). Such associations 
might produce problems in estabUshing different temporal codes for 
the-tvyo Usts. I have not found a- directly relevant study^ on this 
matter, but a study by Winograd. (.1968a) is suggestive. He found 
that when words in two free-recall Usts belonged to the same cate- 
gory^ the subject was more likely to be wrong in lis"t identification 
than was true when the words in the. two lists did not belong to the 
s^e category. Interpreting the differences in the effect of temporal 
se|)aration on proactive inhibition in terms of frequency differences 
for the two sets of lists: hence, differences in interitem associations, 
remains a possibility, but there are at ieast three arguments against 
such aift' interpretation. > 

1. In an earUer study (Underwood Ekstrand, 1967), we tested 
the idea that, across successive lists, the proactive inhibition in 24r 
hour recalf should build up more rapidly for lists of high-frequency 
. words than for lists of low-frequency words. The reasoning was^ 
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.exactly as indicated aboye, namely, that interlist associations among 
Iti^e high-f^ Words, should produce greater interference than 

; ;wouId be present for the* lo>y-frequency words: The subjects learned 
four lists of pailred associates, a 24-hout recall being given following 
:^the learning of each list and before the learning of the next list We 
;were~not able to demonstrate a difference in the amount of proactive 
inhibition acrdss successive lists for the low- and high-frequency 
word5, although proactive inhibition did increase with each succes- 
sive list. ^ 

2. Winograd (1968b) made a direct test of list differeiitktion as a 
function of word frequency ^using the free-reCall format and two lists. 
He found that the identification of words with lists was poorer for 
lligh-frequency: words than for low-frequency words on an immediate 
tfest. HoW^r, if level of identification was equated for the two 
frequency; levels on an immediate test, there was no difference in the 
number of errors on identification after 24 hours. 

3. Even if we grant that word frequency may' be involved to some 
degrejin the differences in the results for the 1968 and 1971 Lists, 
it is difficult to see how the temporal separation in Experiment 6 
could be so utterly without influence on performance, if distinctive 
temporal codes for A-B and A-D were established: Surely, if they 
were established, we would expect some, residue for the groups 
having three days separating the learning: of A-B and A-~D, To 
suppose that differentiating temporal codes were -established but 
completely lost .within 24 hours remains a possibility, but if this 
is true, temporal coding becomes of little consequence for long- 
term detention. 

Are there other differences in the characteristics of the words in 
the 1968 and 1971 Lists that might be involved in producing the 
puzzle? There is the 'obvious difference in the ability of the subject 
to discriminate between stimulus and response terms in the lists, but 
I have not been able to go from this to an account of the results. 
There is stilj another difference, which is suggestive. Evidence from 
'the work 'of Hicks, and Yoa^ (1973) suggests that subjects may be 
.better able to discriminat'C' among adjectives in two successive free- 
recall lists than to discriminate among lists of nouns. A distinction 
between adjecitives irM nolins as response terms has some validity in 
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distii^uishing between the- 1968 Lists and the 1971 Lists.. Still, in 
ouf 1968 study, we were able to destroy almost completely tKe dis- 
crimination between the two lists (Nvith adjectives as response terms) 
when some of the A— 5 pairs were oarried over' to the v4rrZ) list, a- 
procedure wjiich approximates the one used in the Hicl<SrYoung 
study. " «i . > 

• A^this point in our research, I could not find ^^dence that 
■^ seemed at all convincing that the differences in the resultS^f the two 



experunents were tied to the differences in the eharacteristics of the 
words used to construct the lists. Knowing thaf wo^^ differ on so 
many different characteristics, I oould ^ot but feer'a- lack.of confi- 
dence iii this conclusion. - ■--■^^litk' " - * • 



Level of A—B Learning 

• , ■ « , ■ ■ . 

In the. 1968 study, the subjects were given 32 anticipation tnals onj^ 

i4~5;in the 1971 stu^y, the subjects were carried to one perfect trial 
on A—B. The difference in the number of trials was about 3 to 1; 
level of learning on A—B in' the 1968 study was far lugher than the 
level in Experiment 6. The decision to carry i4 -5 to a relativelyJow 
level of learning for Experiment 6 was made dn the basis of previous 
evidence (Underwood & Ekstrand, 1^66), indicating that, beyond a 
relatively iow^ level of A-B learning, proactive ^inhibition did not 
in(i*ease as the number of tdkls on A-B learning increased. I do^ot 
remember why we u^d'32 trials in the 1968 study because the, rea- 
soning applied to the^971 study could have been as well applied to 
the 1968 study. Having done ^ what we have done, the question is 
wheth^ or not the villain variable is the leyil of vl'-5 learning. 
That fi^ i^evel of A-B learning is not a. critical vapisible was a conclu- 
sion rllcHed using the 1968 Lists; vve miast fe^^'e possibility that 
level of leaniing as a viable may be tied 'to pii^^ -J ■ 

Is level of learning a factor in studies offe^fecrimination? The 
' answer is decidedly "yes," although as Al^rf^l^72) has pointed : 
out, the problems of measurement and other -problems do nat make 
this variable a neat one with which to work. One problem involves ; 
•relative strength of the items between two (prjn ore) lists as rel^d to^ 
the absolute strength in either list. Nevertheless, ih what may be a*, 
.simplified conclusion, it seems that both relative and absolute 
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f Strefiigth (defined' in tenns of number of trials) enter into, depisioris 
as to; t^^^ list membership of a given item oh tests for list differentia; 
tion Ce.g., Abra, 1 970 j Hint zman & Waters, 1970; Win ograd}T9.08c)^^^ 
- AssumeHhat, as in the 1968 study, there was a large difference in 
the number of trials given i4^5 and^i4-~D. How could SHeh .adif- 
; ference . mediate a temporal discrimination? There seems t^lfee two 
possibilities. First, the greater the number of trials the greater the 
span of time over which a temporal code (howeyer acquired) might 
persist as an A-B code. Second, number of trials per se might be 
used as' a discriminative cue between the /4-5^and /4~-£) list. For 
example, in the 1968 study, the A^B response terms may have been 
associated with the list given man^^ many trials, while response 
terms were associated with the list given relatively fe'w trials. This 
is ' to say that a frequency discrimination serves as the basis for 
differentiating the tWo sets of response terms. There is some indirect 
'evidence that, with a relatively small number of trials, such a discrim- 
ination is possible and, when possible, redtices proactive interference 
(Uilderwood & Ekstrand, 1968, Experiments III and IV). If fre- 
quency-discrimination differences are responsible for the present 
puzzle, the reasoning about them might be somewhat as follows: 
in the 1968 study, the numbers of trials on A--B and A-D were 
32 («^5?t%hl5j>; in ^^eriment 6, the learning of both A-B 

arid A-D was carrieh to one perfect trial, the means being roughly 
12, trials- and 8 trials, respectively. Thorfohner difference might well 
be disciiminable on the basis of frlquency; the latter difference 
might- not. The probleni with this type of explanation is that there 
mu^t be ?ome concomitant assumption about frequency discrim- 
inations as ^ function df the temporal separation. In effect, the 
assumption would be that, \yhen two fists are learned in immediate 
succession, the frequency cjiscrimination *break,s down as a means 
of differentiating the response terms in the two lists, whereas, if 
the two lists are separated by several days, it does not break down. 
Tliis does not seem to be a reasonable assumption; indeed, the 
opposite assumption would appear to be a better one,^but it would 
simply not mediate the 1968 results. 

Without much theoretical or empirical backing, it can be said theft 
it' is possible that the number of trials on A B may in some way 
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interaGt with m Jype of wordsr^used to ; coptruct the lists an(? 
that, as a consequence; the effect of a temporal seiJaTatibn be.tween. ' 
A-B arid 4-/) on ij^fodctive interference wilK only emerge when 
A-B learning is carried to a f^ir higher level than was true in Exper- 
inient 6. An experiment to test this po^sibUity wiU be reported as 
the first experiment in the next chapter. 

Other Findings . " - , 

With^^only on^ exception, the- studies on estab^shing lempbTal 
codes-onjist differentiation-have used the basic method as given 
*in Experiment 3, described in Chapter 1. That is, free-repall lists 
have been the major vehicle. Furthermore, the number of learning 
trials on the items has "been low, relative to/UM||^ber of trials 
we are dealing with in the experiments that got^|M||tneshed in the\ 
present puzzle. Although we might like to beli^Pthat principles 
of temporal coding should supercede any particular type of task or • 
level of learning, our ignorance on such matters is such as to lead to 
caution. The puzzlp we are dealing with concerns lists forming the 
A~B. /I -Z) paradigm, and the' hsts were given ihany learning trials, 
The one study that used this paradigm and asked directly about list 
differentiation 'was performed by McCrystal (1970). His rhaten;a]? 
were very similar to those used in the 1968 Lists. Tiie stimulus 
terms we^^gh-^ssociation Vf^ue nonsense syllables and the response 
terms wer^wo-syllable adjectives. The learning of both A-B and 
A~D learning wag carried to one perfect trial in immediate succes-^ 
' 'sion. List differentiation tests were given at^ve j^lifferent intervals 
' up to seven days. F;or the test- oflist differdr|tj4tion, the subjects 
were given the response tenms from the two lists, one at a time, 
axid were allowed 12 seconds to make a depision 'concerning the^ 
.list memtjersiiip. The largest dticline in correct'identification occurred 
over the first 20 minutes following the learning of A D. After thi's^ 
the decline 'was very gradual up to seven days, but even at^ sev^n 
riays '^performance was clearly above chance. McCrystal points^ut, 
' however, that, with u'me, a measuremtint problem may lead to art 
uadere«timatioh of the loss of differentiation. His reasoning 'i§ 
jthat over t^e, if forgetting occurs, guessing becomes more and 
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jmore. prominent and tHat] thereforeV the number correct, for the 
; longer reteritipn intervals is more influenced by guessing than is 
; the nuiriber cdrrect at the ^hort retention intervals. 

One possible interprejjation of Experiment 6 (mentioned earlier) 
is ^h^t, for these lists, the loss of differentiation ;bver time pro- 
ceeds Very quickly and that, even with a three-day separation between 
A-B and i4-D, differentiation is completely lost within the 24-hour 
. period. The gradual decline shown by McCrystal would certainly 
not suppqrt this notion, even for lists learned in immediate succes- 
''sion. But caution still must prevail; it remains a possibility that 
the characteristics of the 1971 Lists are such that loss of differentia- 
tic^is extmnely rapid, and that the lack of differences in recall 
^ at 24 houi? for the different separations between A~B sind A-D 
reflects this rapid loss. 

In Chd'pter 1, I pointed out the powerful influence of recency 
of stimulation for limiting the response attempts to the appro^p^fl^te 
, response pool. It should be fairly evident that had the retention 
^ interval for the paced recall of A~D in Experiment 6 been a minute 
or two, Vhere probably would have been little proactive inhibition. 
Just ho\v long the* recency principle extends in tifne is not l$no>yri, ' 
although McGrystal's study suggests a fciirly rapid drop initially. I 
think that ^his mechanism should be kept quite separate from what 
'I have called differential temporal coding of two lists. When the' 
memories fot two lists are differ^tiated by temporal coding, it is 
presumably accomplished by' mechanisms discussed in Chapter 2. 
I have viewed the results of Experiment 6 as indicating that differ- 
Qoitiating temporal codes for the two lists were not established, or 
if'so, w^re completely lost Within 24 hours. A study using a short 
retention interval, for example, 30 minutes, would seem to be 
indicated. For two reasons, such an experiment was not done. 
First, even if the temporal separation of /I B ^id A was found 
to be associated with differences in recall, the interpretation would 
be unclear because such u difference might be produced by a recency 
principle rather than by differential ' temporal, coding of the two 
lists. Second, the basic pu^ile between the two experiments woukl 
remain: Why would temporal codes for the 1^)68 and 1971 Lists be 
lost at different rates'-^ . . ^ 
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Tifcgje^ is one final matter.. In .discussing the desigh of Experiinent ^ 
I JTial^^^^ I belUved there were two intejvals of impor- 

^tlnce la^^ Wount of differentiation between lists, 

namely the 14 -fi 10* A^&^m^ and the retention interval fol- 
lowing the learning of A I nsSfiir^^s. proactive .interference is 
deterrnined by loss of list differentiation7one5can he predicted from 
the otfier. It seems fair to say that the most gen^^al^^^c^j^pretation^ 
of proactive inhibition rests squarely on loss of temporal codecs fop.^ 
the lists, and the., two intervals in question, are the critical ones fof - 
determining loss. Hintzman and Waters (1969) varied these two 
intervals using two unrelated lists presented for one trial^each, The 
outcome was ^s expected; with 15 minutes between the presenta- 
tion pf the tv^o lists, differentiation was better both immediately 
and after Sl^nrii^utes than when the- two lists were not separated- 
by an intervivti# presentation. Over 24 hours, the advantage of 
the separation«>^appe3recl. Correct list identification fell to about; 
557f> after 24 hours, whereas (disregarding the separation variable) 
it was approximately 65% on the immediate test. In concluding 
their report. Hintzman antfWaters indieate that their results strongly 
support current theoretical aecount-s of forgetting, with particular 
reference to proaetive inhibition; proactive inhibition is due to loss 
of information concerning list membership. To* attribute some 
proactive interference to a learning deficit of A -D may be appro- 
priate (e.g.. Hasher & Johnson. 1975). but certainly the loss of 
temporal codes over time is of basic importance. 



THE PUZZLE SUMMARIZED 

Two experiments l^vc^given quite different outcomes with respect 
to the. role of temporal cotfing in proactive interference. In examin- 
ing tht^se t.wo experiments,' two different static variables have been 
identified as possibly being involved in the interaction, namely, 
the eharacteristies of the words making up the lists and the level of 
A B learning. There were, of course, other identifiable diHerences 
in" the. eonditions for the two studies. The data were collected in 
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gv^^^iff5ei^^ diffeifent expferffiienters. The research assist- 

V>v an^ 4if*^red. The subjects giving 

y^s^'^t ^ must assume that such factors are not 

1^^^^ tlie puzzle; to assume otherwise would make the 

" task of solving it hopeless. As we will see, hopel^sness is not without 
some meaning, even ^yhen dealing with variables which might rea- 
sonably be involved. * r \ ' > 
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In this chapter\ several experiments will be reported that were 
conducted in an effort to discover reasons why the' 1968 study 
showed that proactive interference was sharply related to the length 
of the interval between jearning 4-5 and /I -D, whereas no relation- 
ship was- found in Experiment 6. It will be seen 'that there was a 
certain Wbunt of thrashing around as attempts were made 16 
develop ^eV techniques for examining temporal coding differences. 

EXPERIMENT? 

The first experiment was an examination of thie effect of thie level of 
^-fi 'learning. In the 1968 study, the A-B le'amlng was carried for 
32 anticipation trials, whereas, in Expe-riment 6. the leariii^| of /4 -5 . 
was carried until each subject achieved a perfect performa^^ (about • 
12 trials). In Experiment 7 the 1?7! Lists were used with /4fBMearn- 
ingcarried for 32 anticipation trials. Thtf temporal separationiiletweeri 
learning '/I -.e and; learning A -D was erthe> zero days oiMiays. 
paced recall test for /I D was giyen either 1 day or .4 d_ays»|6wing 
A~D learning. ,^ . f IP 

Method . '.'^Pn 
The above design required four groups of subjects identified as 
•0-1, 0-4, 3-1, and 3 4; the first number refers to the^number 
of days between learning A-B and learning /!-£>, and the second 
number refers to the length -of the retention intei^^ in days. All 
procedures were, exactly the same as ^ose used in Experiment 6 for 
the paced-recall groups, -except that', fqr all four conditions, the/1-5 
list was presented for one study trial foUowe.d by 32 anticipation 
trials. The four (ionditions were block randomized and 18 subjects 
were assigned to each. ^ 
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EXPERIMENT 7 .7:^; 
Results 

A—B and A—D learning. During the 32 >4-fi learning trials, 70 
of the 72 subjects attained one perfect trial. The two remaining sub- 
jects were arbitrarily assigned a value of 32 trials and the mean num- 
ber of trials required to reach one perfect trial ,was determmed. The 
nieans for the four groups varied between 10,94 and 1439 trials, and 
did not differ statistically. The-overall mean (12,67) was quite 
comparable to that reported for Experiment 6, where the mean for 
the J 6 groups .was 1 1;97 trials. Acr03s the 32 A ~B trials/fne number 
of bortect anticipations of the total possi We (averaged 83%. The mean 
number of trials required to r6ach the criterion of oqe perfect- trial 
on A—D varied between 7.10 and 9.22 trials, with the means not 
being statistically different for the tour groups. Akain, these values 
were quite comparable to those obtained in Expecinpnt 6. 

Recall Figure 9 shows the percentage recall i4v the fgur groups 
plotted as a function of the separation oi A—B' dud A—D and as a 
function of the retention, intervak Changing the level oVA -B learn- 
ing-did not change thc-conclusion concerning the separation variable 
given by^xperimenj '6. Although there is a slight slope to the line 
depicting the Friday recall, an analysis of variance showed that 
only the retention interval produced a reliable effect on performance 
{F = 24.18); all other Fs were less than unity. Differej;ices in relearn- 
ing reflected the differences in recall. 

AAVOrd.of caution is in order about interpt;eting the absolute level 
of recall in all ofjhe experiments inv.olvihg the basic methods of 
Experiments 6 and 7. In an ideah world all subj^ts assigned* to such 
an experimi^nl would be naive to^aioratory studies of verbal learning. 
This prevents associations Iclrned by^thc subjects in previous labora- 
tory experiments from becoming sources of interfcronce in recall. As 
a practical matter, cond^icting experiments with this restriction is 
very difficult within the systcMn used in our laboratory. As a part of 
tj^e course requirement for intrpdrictory psychology, students must 
get*a certain amount of^expericncc as laboratory subjects, fo require 
i!ythat subjects be serving in their first experiment when they contract 
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FIQURE 9. Percentage of recall as a funcjion of the interval separating- the 
learning of A~-jS( and A ~D and as a functior/of the retention intervaUl day and 
4 days) (Experiment 7). ^ 

for experiments would essentially > meki that naive subjects could, 
only be obtained during the first week or two of the school term, 
To carry out ttie present experiments under -the ideaPconditiorts 
would have required many years. Therefore, we have* set only the 
requirement that a subject must not serve in a different experiment 
during the period required to -Complete an experiment such as 
^perim^n^l^ 7. This removes retroactive interference from other 
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experiments as a source of forgetting, but it does not remove pro- 
active interference from previous, experiments as a sourc^. The 
upshot of ^tHis is that the differences in level* of recSli among the 
various experiments cannot readily be inteilpreted. For example, ^ 
Ir^ecall after 24 hours in Experiment 6 is somewhat higher than in 
the present experiment. This might be due to differences in the level 
of A—B learning, but it is more probably that it is due to differences 
in 'experimental backgrounds of the subjects used in the two^experi- 
ments". ^or present purposes, the critical finding lies in the slope of 
the recall curves. We have concluded that, in Experiment 7, the slope 
'^f these curves did not change as the level of A~B learning was 
changed from approximately 12 trials (Experiment 6) to 32 trials 
(Experiment 7). 

The numbers of intrusions of the B terms during* the recall and 
^ releaming of A-D were again shown to be related to temporal 
separation. The numbers observed were 44, 24, 5, and 30 for con- 
ditions 0-1 , 0-4^ 3 1, and^ 4, respectively. 

EXPERIMENTS 

It was concluded that the results of Experiment 7 eliminated level of 
A—B learriing as a possible cause for the discrepancy between the 
" results of ti^e 1 968^ experiment and those of Experiment 6. What 
next? In view of the iv^o potential interacting variab^es" discussed 
in th^ previous chapter, having eliminated the level of A ~B learning, 
.the differences in the characteristics of the words making up the lists 
might have become the next candidate for pursuit. 1 chose a different 
alternative at this point. This resulted in part from the fact that /I 
h^d not yet seen- a convipcing way to attack the list-difference 
variable and in part front the fact that a completely new possibility 
began to nag at me. 

The critical data in the study were based on' a difference 

between two groups of subjects. It is true that other conditions in 
the experiment fit^ cpnceptually into the basic finding. It is true also 
that studies using the distribution of /I B learning over several days 
had produced almost precisely the s\une quantitative results as found 

f 
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iiijhe 1968 study, where alM— 5 learning occurred on a single day. 
It was my interpretation that the' same outcome for the distribution 
of A—B trials and the separation of A--B and A— i?/both resulted 
from a conrition mech^ism, namely, high differentiation of th^ 
temporal codes for the two interfering lists. This ihterpretation'could 
be incorrect; the distribution of /4— 5 and the separation of A—B Ihd 
• A-^'D by three days may have produced the same essential outcome 
' different reasons. Howe^i^er, if the two sets of results occurred 

' Jl^f^*^^^ reasons, the basic puzzle confronting us still 

""-^^ij^ijii^j^^ because of a contradiction between the results, for two 
groups of subjects in 1968 and the results for tbe many groups 
involved in Experiment 6. 

Many, many experiments are conducted in our laboratory, both 
by faculty Snd by graduate students. Most of the experiments use 
random-group designs. If the statisticians are correct on the matter, 
we would expect periodically a statistical miscarriage, in which 
reliable differences pccurred by chance. Oould the results for the 
two groups depicted in Figure 6 of Chapter 3 have been the results 
of such a miscarriage? This was a debilitating idea, but when strength 
returned, the necessary experiment was conducted. 

Method * 

Thfe purpose of Experiment 8 was to.conduct a replication of^e 
two-group, 1968 study.^ln the 1968 study two, groups had ,32 trials 
on A-B. Then, one groap waited three days before learning A-D, 
while the other group \^s^ed^A~-D immediately. 'For both ^oups, 
recall ^f^A-D was takeif^after 24 hours. ^Or Experiment p^^e 
duplicated the conditions for thesQ twa groups as^closely aS^^ 
po^ssibly could, using, of course, the 1968 Lists. My r^archia^tj^^l';^ 
at the time, Charles S. Reichardt, proposed a possibility fliat led^^'^ \ 

.our testing two additional grojups. Suppose that the entire puzii^' 
resulted from .unusual characteristics of the particular words of the 

' r968 Lists. Even if we (^uTa^replicate the 1968 study, it would nOt 
be strong evidence for the generality of the fihding. Reichardt's 
proposal was that we construct another set of listS having^toe -s^ne 
general structure as the 1968 Lists but differing in terffi^^^p-v 



parficular words employed. ^Such wBdom could ribt be ign^ 
■^Sb a second set' of listg^as cbnstructed--rSet 2, opposed to the 
ofiginal set, which'Wflrbe called Set IvThree-letter words were used 
aSfStimujus terms, and they' had an average THdrndike-Lorge ( 1944) 
frequency of 14 per million. The response terms were, as in Set 1, 
two-syllable adjectives witK heterogeneous frequencies averaging 
about 19 per millidn. , 

- To summarize: Four groups of 18 subjects each were used,. Two 
of the groups learned the >l-fi'and A—D lists identified as Set '1; 
two learned Set 2. Two groups learned i4— on Monday for 32 
anticipation trials; two groups learned A-B on Thursday, All groups 
learned A—D bn Thiirsday (to one perfect trial), with recall and 
relearning of A-D occurring 24 hours later 



Results 

A—B and A—D learning-. All subjects attained one perfecrtrial 
on A-B within the 32-trial limit iiry^bsed. The mean number^ of 
trials required to attain this criterion were 8,67 and lO.Od f^J^-^^ 
two groups learning Set 1 , and 13.50 and 1 1.28 for the two groups 
learning Set 2. Aa analysis showed that the ^-fi'list from Set 2 
was more difficult than the correspQnding list from Set 1, F(l,;68) 
= 4.51, p < .05. The difference in the difficulty ofJhe sets was also 
obsggred in the proportion 6f correct responses givenNacross the 32 
trials, avefraging 88% for.Set 1 and 83% for Set 2. 

Differencesnn set difficulty were likewise evident in learning X-Z). 
For Set 1, the two means repfresenting the numbers G(f trials to reach 
one perfect trial were 7.00 and 7.83, while, for Set 2,\the values were 
1 1 .44 and 10.56. The difference was reliable, F( 1 , 6S) = 7.69,/? < .0 1 . 

^,,>No reason for the differences in difficulty of the two sets vya's found. 
Nevertheless; because of the differences in difficulty/it could be 
argued that the resu|ts^ have greater generality than would bwtj beeo 

' t'he t'Sse if diffi^^ce^^ S diT^^^ >^6re.j;ipt pr^s^ak ' 

Recall \The p^i^erit recall cy^A'-D for each of the four groups is 
iJotted as Figure lO^lC t^iliTd jjre^^ent that recall is better with 
the temporal separation bejVferii^^iearning of A -B and A-D than 
without such separation, an'^' tl-rts is true for both sets of Hsts. The' 
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Learning 



FIGURE 10. Recall as a function of days sep^ratin^ /I -fi and A-D learning 
of two sets of lists (Experiment 8). 

a 

temporal variable was the only reliable source of variance (F = 13,69), 
We must conclude that the original 1968 finding was not the rt^uit 
of a^statistical fluke; the present findings in general are the same as 
the original finding, although level gf recall is lower in the present 
experiment, and the slope of the curves is somewhat less. 

The number of trials to releam did not differ, among the four 
groups. As in the previous experiments, the number of intrusions of 
B tenns in the recall and relearning of A -D was far less with the long 
terriporal separation than with the zero separatiorr. For Set 1, the 
total numbers were 13 and 61, *^d, for Set 2, t^iey were 6 and 52, 
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Experiment 7 demonstrated that Ai^difjFerences in the results for the 
1968 study ^nd Experiment 6>were not due to different levels of 
i4— ^ learning. Experiment 8 slfowed that the 1968 result was repeat- 
able, .It"^ would seem, therefore^ that if the chase was to continue, the 
Jogic indicated that attentiop musti be focused on the differences in 
the/cliaracteristics between, (the 1968 Lists and the 1971 Lists. But 
logic and reality are sometimes at odds. What characteristics of the 
lists cbujd be responsible? There ajfe multiple differences between the 
Usts. An attempt to trace their implications by constructing new lists, 
which emphasized high and low levels of each characteristic, and 
then putting thes4 lists to experimental test would, t<^ say the leasj, 
be very time consuming. Furthermore, even if such a series of experi- 
ments were successful in identMyiiYg one or two presumable critical 
'factors, the outcome would be less pointed than it might s^em. 
Anyone who has sought to TUt^ef out a unidimensional task variable 
underlying a given phenomenon knows the frustralfen that att'ends 
the effort. The various charaoteristics of words may be given pre- 
sumed independent definitions by various scalidg procedures, but are 
still usually found to be quit^ highly correlated. It becomes impos- 
sible to detennine^^Jhg inJXtf^nce of one characteristic without con-, 
tamination by at least oncv other. The logic of the puzzle that con- 
fronted me indicated that the answer must lie somewhere in the dif- 
ferences in the characteristics of the words iir tKj two sets of lists, 
but I resolved not to be caught in the word-characteristic trap, even 
if it required abandoning the chase. No only wouM such a pursuit 
lead into the Geritpl years, but even a favorable outcome would 
lead to a conclusion such as: "Temporal differentiation in an inter- 
ference paraWigm differs' as a function of X\ie adjectivalness of the 
words in the lists or sohie characteristfc(s) associated with adjec- 
tivalness." J> 

Believing that the evidence pointed to difference^in task cHarac- 
*teristics as the cause of . the puzzle, yet choosing n©t to pursue the 
' matter at this level/obviously posed a dilemma. Yet, there were v/ay^ 
to attack the problem without getting involved in the characteristics 
of the words per se- For example, perhaps the critical difference 
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between the .two sets jof lists lies in the differences in diseiMiinability;,^^^^ 
of the. stimulus and response terms, this discriminability^eing high;;J 
in the 1968 Lists and low in the 1971 Lists. The effect of this 
variable could be examined without concern for the characteristics 
of the words. I was unable to develop ^ reasonable theoretical reason 
as to why the discrimiiiability of stimulus and response tferms should 
have such a profound influence on lemporal coding, and, at this 
point in time, preferred not to study this variable. 

Another line of research in our laboratory was indicating to us 
that unlearning differences in the /I -5, paradigm were in some 

way related to the form class of the words used in the lists. By 

'• unlearning, of Course, I mean the loss of information about items and , 
associations in the A-B list immediately after the learrtfng olA-D. 
Experiment 9, therefore, we asked about differences in unlearning 
^'■•b^'tween the 1968 Lists and the 1971 Lists, THe thinking was that if 

' Wliicould find another phenomenon associated cftfferentially with the 
t^o sets of lists, the anqjytical steps might be much ^'sier to 'take 
fhan those required in»studying the separation Variable, Furthermore, 
it; was" known that lack -of discriminability between lists in 'the 
/C~B^ A~D paradigm did influence the amount of unlearning. It 
seerried, therefore; that a test of unlearning might be important in-, 
dixedting subsequent experiments designed to resolve the puzzle. 

Method 

Two grouD^ of 18 subjects each were assigned randomly, one to the 
1968 Li^ and one to the 1971 Lists. The A -B andyl-D learning, 
which occurre^d in immediate succession, was carri^ to one perfect* 
recitation, using the anticipation method and a' 2:2-second rate. 
Imcnediately after learning A~D, the subjects were given an unpac^d 
MMFR test in which they were requested to produce the response 
terms from , both lists and assign them.,to* the appropriate stimulus 
terms, ^placing them in one column for the first list and in another 
column for the second list. 

Results . , 

Fpr the first time, .Experiment 9 supplied valid 
relative difficulty in learning tli(| ^ ^ sets of lists. 



information on the 
The r^ean numbejs 
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drtiialsitq^^^ and A-D frotq the 1968 Lists were 

8.50 and 6.7^5, Respectively For the 1971 Lists, the corresponding ' 
values AV.erje 13 »2.2 and 7.33. FovA—B and y4-£) combined, the 1971' 
Lists wer^ , more difficjalt than were the l^jS8 Lists, F( 1, 34) = 4.93, 
p'^<^:,05:.D^^ andi4i^^ ivere clearly apparent 

'("F ^28.80) for both sets of lists, but the interpretation is unclear . 
because the -4—5 ^and >1—Z) lists were not coiinjterbalanced and may 
differ ui intrinsic difficulty. It is of somok^porl^ce to note that the 
mean number pf trials required to'learnSj^ -^"^ li^t was approx- 
imately the same for both sets of lists. This n^ai^ that the interval 
between tlie end of 'learning -4— and the MMFK iSst was about the 
s^me for both sets. * . ^ ■ 

r The performance on the MMFR t!est was scored stringently (cor- 
rect pairing and i^orrect list). For the 19d8 Lists, the mean for>l— 5 
was 9.28 and, for the 1971 Lists, 8.61 (F < A): Recall of 4--/? was 
essentially perfect for both lists (1 1.67 and 11.83). The conclusion 
was clear; these two sets of lists did not prpHuce differences in 
unlearfting, and the attempt t^discover another phenomenon associr 
ated with the lists was judged to be unsuccessful^in this.experiment. 

ft «. . 

' EJ^PEFilMtNT 

In reporting the results of Experiment 6, in which the 1971 Lists 
were used, it was noted th^t the difficulty of the ^-5 pairs was 
substantially correlated with the difficulty of the corresponding 
*'^A-~D Qairs^r:^^69). Th^ correlation was calcCilated by first summing 
the njumber jof correct responses (across subjects) for each yl— 5 pair 
and independently summing for each yl—D pair. The c'orrelation held 
between the 12 A—B scofej^and the 12 yl—Z). scores aligned by the' 
common stimulus terms. '^I^hough not reported earlier,*' thissame 
relationship was observed in Experiment 7^'the correlations -vaJyijj^ 
between .56 and .80 for J:he four groups. One implication is that the) 
stimulus terms in the 1971 Lists are pnp^ailly involved^n detemiining 
pair difficulty y the response tferm plays a less prominent role. » 

We examined the experiments in which the 1968. Lists had been 
used to de^termine the role of the stimulus terms on pair difficulty. 
In Eixperinieht 8 , the correlations for the two groups given Set 1: 



were :28 9, the correlatibn;V^as ^Vl,l:(in the 

sarrie qxperinient, the correldtion for the 1971 Listsi^W^s'.^ 
eoitelations C28, ,29, -.11) may be considered zka, statistically. ; 
Without presenting^ the evidence, we will simply assert ^at tijjs 
lack' of relation^^^^ is , not .due to. the lack of^ reliability in^item 
difficulty. It may also be noted that the lists called Set 2 in Efxperi- , 
ment 8 (constructed in the same manner as the 1968 Lists but using 
different words) shov^^d the same lack of relationship irrthe diffi- 
culty, of y4-5, and A-D pairs. It appeared, th^efore, that the response 
' terms for the i 968 Lists were largely responsible for pait difficulty 
'whereas the stimulus terms were largely responsible iFor pair difficulty ; 
in the 19"71 Lists. Is this difference between the lists: responsible for 
the puzzle? In this case, it was possible to work out a theory to 
explain why this difference between the 1968 arid 19? 1 Lists could 
produce the different findings in proactive interference, as a function 
of the temporal separation of A-B and .^l-i) learning. The reasoning- 
behind the theory was somewhat tortuous, and, in viiW o^the fact^ 
that the experiment did not provide us with the necessary evidence^ 
to support it, i'will keep the presentation at the emp:irical level. 

As described, the item correlations for the 1968 Lists indicated-, 
that the response terms (two-syllable adjectives)Jargely determined 
pair difficulty, with the stimulus terms (three-letter words) con- 
tributing much less. Now, suppose we turn these U?ts over and use 
tile two-syllable adjectives as stimulus terms and the three-letter 
words as response terms. If the reasoning has been sound concerning 
the source of it#i difficulty, the first expectation is that the correla- 
tion between A-B and A-D pair difficulty should increase substan- 
tially. This follows because the two-syllable adject|yes determine 
pair difficulty, and, in the Jumed-over version, fhe two-syllable 
adjectives become the A terms in both lists. ^ . 

If the first exp.ectation is realized in the data, the lists will now be- 
cpme like^he 1971 Lists in terms of the source ^ pair difficulty fo^ 
A-B an&A-r-D, And, if this represents a critical difFerence^etween the 
1968 and 197.L.Lists; the 1968 Lists shoi^d now behaye l^e the, 1971 
Lists. This is to say that the temporal separation between /I and y4 
learning should become irrelevant to proactive inhibition in recalL 
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. ; The; stimulus. ,and >l-/? -Usts were th^ 

v::^ ^syUable adjectivef used^ks the r^^ponse terms {B) in the 1968 >4— 5 
V ^ v list f( see liable in previous cljapte^); Tjie response terms for A^B \yere 
* . the' three-letter .>yords^u terms in Set 2 of Experiment 

; . 8: The response terms for the /I— Zj'list wire the'three^etter Words 
lised as stimulus terms in the r968\Lijsts. ' . 

Two groups of 20 subjects each were assigned*-to the two condi- 
tions, these conditions differing only in the^length of the temporal 
: separation (6 and 3 days) between ^v4~5 md A-^D leamirig. The 
. ' .. Monday-^Thursday schedule foi- A and A —D Was used for the) 
. ;: thtee-day separation/ and in immediate suc- 

cession on Thursday for the zero separation. Recall and releaming 
of v4—j3! occurred on Friday, 24 hours following its learning. The. 
learning of yl— 5 consisted of 32 Lariticipation trials, with /I— Z) 
learning carried to one perfect tp^k The other details of the pro- 
^^cedure were the sapie as in the pre<4ous experiments. , 

Results ^ ^ ^ 

* 7 ■ 

. The group learning A—B oivlWonday required 15.15 trials to reach 
on perfect trial, and all except one of the 20 subjects reached this 
criterion within 32 trials. For >1 -Dreaming on Thursday, 9.65 trials 
were required , to attain one perfect trial. For the group learning both 
y4~5 and A-D on Thursday, the mean numbers of trials to reach 
one perfect on A-B and A-D were 12.55 and 10.30 respectively. 
^ An analysis showed that only the difference between leiaming^-5 
and A-r-D was reliable statistically. For the g)^up with the three-day 
separation between A-B and A-D learning, the correlation between^ 
the number of correct responses for the A—B pairs and the number 
correct for the corresponding A-D pairs was .50. For the group 
$ having no separation between A-B and learning, the value was 
.31. It had Been aittlcipated that ^4-5 and A-D item correlations 
would increase when the two-syllable adjectives became^'the stimulus 
terms. It is apparent that they did increase, but not to the level of 
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Tthe""" 1971 Lists . (769) , and' neither would be judged significantly 
different from zero- by conventional tests. On this matter, then, the«. 
results are somewhat ambiguous: 

• . The re'c^ results are shown in Figure 11. Again, the three^iay 
separation produced a considerable influence on recall. The differ- 
eiitce between the two groups was' reliable, F(l, 38) 8.88,j7 < .01, 
and the magnitude of the difference is ahnost exactly the same as' 
found ; in Experiment 8, as exhibited in Figure 10. The difference 




•\ Days Between Learning A— B and A— Dr 

' ' ' V 

FIGURE 11. Percent recall as a, function of the interval separating >4 atid ^p 

■ 'A-D learning (Experiment 10). ^ 
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: reflected the differences in recall but was nof^tatistically re^ble. 
i;v W separation in leamirig the two lists, there^ere 

:G:^pnlyv8^^^ in recall and releaming, whereas, with, the zero 

L interval between the two lists, the intrusions totaled ^?. ; ^ 

It must beVp-oncluded that the use of the tinned-over versions of 
; the 1968 Lists has changed nothing fundainentally; the effect of the 
: ■ temporal separation for these lists cannot be said to have been 
influenced by switching the position of the stimulus jiid response 
■-i-terms;''.' ^ . 




• ^ ECONOWIY STEPS WHICH FAILED 

. Techftiquels* for studying^ short-t^rm me^ry have the potential: of 
..exhibitiiig the pherionlena bf long-teOT and.^^ m so doing, 

they can teduce days fo.miputes'^.ajitf hours to second s^ft w^sx^uite 
;iiaiurai 'that w4 shbuid'' techniques 
! iui=:-bur chase. Indeed, it sometOTej^^s^^^ move was 

= a^^ necessary if we were- goibg^tP^^^^ back' on 

the/dtecade of the- seventies as one ifl^^ltf^Ve h^^ some 1^9^- 
way/towjardt understanding the spu|^ of the puzzle,' ia^ puzzle that 
seamed to have gained fijln^ti^nd as a driving force in 

oil* research. Among the viariom^hort»-term- memory techniques we 
trieV two Were foiind td' be^procedurally sound, and a sufficient 
^ number of subjects was tested to determine the outcomes|l' 

Th4^first -abroach was tp^^s^ if We could reproduce the basic 
fmdings exhibited by the 1^68Xists. The>^5 lit was given for a 
study trial and a single anticipation trial, the paii^ejp^ presented at 
. .. a 4:4-second rate. The \^-/) list was |ivfen 'in precisely the same 
way. There were two groups, For one group, ^-D leaming^followed 
immediately the learning of A~B \ for the other group, a five-minute 
interval was inserted between the learning of , two lists. The 
retention interval (time between A-^P learning an#'its recall) was 5 
minutes for both groups. T^ri., subjects were tested under each of the 
two conditions. The sa,bj[ecte, worked on^ the pyramid puzzle during 
the five-ininute int^irVals. 
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"TlteTneair^nurribeiv in leaniihg were 7,2 

and 7.9 for A—B and A—D, respectively, for the group. with no inter- 
v^jJletweeh ^—5 and A—D Igarriing. For. the group with the five- 
te interval between yl— 5" and A —D learning, the corresponding-, 
ns were 6.2 and 7.7. After 5 minutes,M—D recall averaged 8.9 ' 
correct responses, when there was no interval between the learning 
of A—B and A—D, and 8.8 when the interval was 5 minutes. Thus, " 
there was no evidence that proactive interference was reduced with 
the temporal separation of A—B ^nd A—D, 

In the second study a procedure patterned after the Brown-Peterson 
technique was employed.^The subjects were presented the A— 5 pair 
for 1 second, followed by the A—D pair for 1 seg^d, fi^lQw^d!_^^^ 
backward number counting for 20 seconds. fft lSie eri^^ 
second period, the subjects were asked to recall either the first^^^ 
presented (A-B) or the second pair (A—D). The subjects werlfuilly 
informed as to the requirements. Each subject was given 24 pairs 
of pairs, tiiese being the A—B and A—D pairs from the 1968 and 
1971 Lists. The pairs from the two lists were ordered randomly. A 
further random order was constructed for the recall requirements 
such that, on half of the tests, the subjects were asked to recall 
A—B (the first pair shown) and, on the other half, to recall A—D 
(the second pair shown). ,4 

The purpose of these procedures was to se* if the memory, for 
o^der of the A—B and A—D pairs from the 1971 Lists would be, 
porer than the memory for order of the pairs from the 19^8 Lists. 
Generally speaking, the memory for the correct pair (whether A-B 
Or A-D) was somewhat better for the 1968 Lists than for the 1971 
Lists, the six subjects tested giving an average of 6.83 and 4.83 cor- 
rect responses^! respectively, if the subject did not respond correctly, 
it would have resulted from the failure to produce either the /4 -5 
'or A—D pair, or by g^ving-^^B v^hQu A—D was requjpsted, or vice 
versa. Such instances woyld ihdipate a breakdown in the memory 
for temporal ordering. There were 13 cases of such breakdown for 
the 1968 Lists anJ^l for the 1971 Lists. Even adjustingTor differ- 
ences m number of correct ge;$donses, it appeared to us at the time 
that the technique was n^^^feciently encouraging to pursue it. 
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EXPfFrrMENT-l/l ...y ; -— — — r~ 

This experiment was designed to study temporal coding^ the 1968 
and 1971 Lists by use of a withinJist design. In the basic condition, ; 
the study list consisted of 48 p^ representing all of .tfiie /^-r^B, A—D . 
pairs from the two sets of lists. In the study lists, the lag between 
and yj—i) was systematically varied, there bei,ng 3, 6, 9, or 12 
^iner pairs' falling between the occurrence'of A—B and the occur- 
jjjge of -4— £). On the unpaced test, the subjedtf >yere given the 24 ♦ 
of A-r-B, A--D pairs and were asked to: Q) indicate whether ■4v; 
_ [—5 id A^P had occurred most recerftly in tfie list; and (2) judge } 
how mari:^ other pairs separated the two. test pairs in the study Usty . 
(lag judgments), > 

As is apparent, the. central purpose was to see if we could detect 
differences in temporal discrimination— ejther by recency judgments , 
. or lag jOdgments-for the items in the 1968 and 1971 Lists, Given ^ 
that we could, it would then be possible, perhaps, to turn to studies 
in which certain of the differences in item characteristics could be 
examined mja vexy efficient way. The full description of ^e experi- 
ment (to be given shortly) will show that in addition to pair differen- \ 
tiation we asked also about stimulus-term discrimination and response- 
^ teirn discrimination in independ^t conditions. ^ 

A secondary purpose of tt^ experiment was to inquire into the 
d^ree to which a wi^iin-list t^poral discrimination can be acquired 
multiple training and test trials. It was noted in earlier chapters 
It within-list temporal discriminations are, in any way of viewing 
thi results, very poor after a single inspection trial. With long lists 
of unrelatied ^dtds, there is sometimes no evidence that any tem- 
'^poral discriminations were established (e.g., Hintzman, Summers & - 
Block, 1975). In Experiment 2, reported in Chapter 1, lists of 32 
unrelated words were used, and there was evidence of some discrim- 
ination in both the itcency and the la^ judgments, but many subjects 
performed at a chance level. Across the four Hsts given the subjects 
in that study, there, was no suggestion that tl^^^«bject learned how 
to become proficient in^ihaking within-list d^criminations. Insofar 

■ 89: 
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■■:^y -^'M^ been 'able to . discj)yerili6:inV^tiptoT K 
j> ^^^^^ of acquisition of a temporal discriminadd^^ 

: * .-^ri^^ list is given multiple trials. *H<Dw rapidly^^y^ 

^^^^^^ vS^^ become proficient iri making lag judgments and in ma 

Methajl ' . , ' . • . 

In describing the experiment, it will be useful .ta sKow the basic 
• study list. This may'Ve seen in Table 3. An insped^afljof the list will, 
show 24 ^-^5, pairs, 12 from the 1968 Listed 12 froAi the 
' 1971 Lists. For each list, three A-Br A--D pairs haVe a lag of 3, 
; ^j|:^ee a lag^^o^ three a lag of 9, and thrpe,have a lag of 12. (In fact,, 
^ establishing appropriate lags resulted in one^— 5, 4-^^ 

; lag being 4, rather than 3, and onebeing- 13, rather than 12).Roughljf, 
..an A'-B and A—D pair Jlt each lag occuj^ in each third of the Ust. 
Two other points about the list construction ^iSuld be made. First, 

/ TABLE 3 V ^-r.-r: 

^ Basic Study List Used in Experiment 11 » 



cot— gloomy 
kin— ijiral 
"jaW— codstapt 
Y>utside--jhjij^ting 

kin-^.tes^e 
*^hildre1^river 
bug— empt^ 
uncle— honor 
doctor— enjoy 
cot— playful 
-angry 
Scle— flower 
outside— army 
wig— modest 
jaw-frigid " 



doctor— question ^ 
bog-double 
ham— remote 
children— toward 
market— island 
Usten— degree* jr 
ham— rotten / 
sly .-fruitful { 
expfegs-^gentle \ 
daiiy-*da5^ \\ 

absuri * 
wig— tranqui! 
_ mar— wicked ' 
express— effort 
sly--healthy 
.listeri-^city- 



daUy— humari 
' market— herself 

second— spirit 
\ tug-dirty 

modem— decide 

member-supply 

'gUjEMpeedy J 
Jid-sturdy 
single— heaven 
tug— barren . 
gum— cheerful ^ 
mem ber— fellow ' 
singl^^uggest* ^ 
modern-^gar • 
^second\golden * 



- - - ■ ■ 

hfote: The 48 pairs were 



pEe^ntf,d.m>a single list, not in three groups. 
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||||5l96i8; 19^?l^l.iirfs^Wei;e interchanged that aer^ tw6 forms 

fbij^'the two sets of lists. 
^ PPhstMgi^ dif fe^ent v4 -^^^ * 
g^l^i^^aji^ rei)^^f differerit lags ( as referenced by t he^, 

fiisti^im)jySO th^^^ across the .'two forms, six different 4—-^/^— 
f : p lag. S.econj^^ pne buffer pair was used at the 

and one'^f^ was used at the. end,j^i$<?cA:- 

^ . - With the list shown in Table 3 as a reference, we may ftbw describe 
{y^^^^ experiment; . * 

^ ; s !^^r C^ The study list (pairs presented : ^p^as as'shown 

:|W^:T^ pairs (P) were tested. Thus, on iHe testae subjects 

. '))V]pre shpwn.24 pairs of pairs and were asked circle the mosl recent 
. . piir^iii^^^ of pairs. They were also to .circle one number ii^ 

^ me Series 1 ihrough 16 to indicate the lag. For examplie: ; ' 

;Cot-pfeyful cot-glopmy . 1|^345 6 7 89 10.11 12 13 14 15 16 

The subjects circled the pair they judged to h^yg^been most recent in 
the list and circled a number to indicate the n«niber of othtr pairs 

falling between the two test pairs. & 

© ^ ■ . 

Condition P—S. The study list was the same as*for Condition 
P— P but on the test only .the 24 stimulus terms (S) were sho^n, and 
^ the subjects made lag judgments; That is, a judgment w^s made of * 
the number of pairs falling between the two pairs in ^hich'the 
stimulus term appeared. 

:ffl^',-^' Condition P—R. The study list was the sante- as tor Condj[tion 
P— P, but on the test the subject was shown 24 -pails of response 
' terms (R)," each pair representing the two' words occjurring with a^ 
^common stimulus word in the study list. The subject made a repency 
judgment and a lag judgment.. * -p^i^ 

Condition S—S:^^^^my the ' stimulus terms were presented for 
study .(the order bein^he same as in Table 3 for that form), and on 
* the test the 24 words occurred singly with the subjects required to 
make lag judgments. 
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'ondition-R-^Rr^OfilyAti^^ 
udy (the ordier being the same as in table 3 fo^hat form). Gn the : 
,.t|$t;^ixe subject was tested as in / ^ 

Under all condjtions the itejtipiSf^^^^ p^spivted for study at / 4^- 
^secdiffj rate. The test wjavun]^c:e{^^ ^^ was required, to 

ntgJee a decisiOn'for allitems. The ofdarqf the test ^itemsw^^^^^ 
with respect study order and was subject only to* the restriction^ 
that each of the four lags be represented once in each successive four 
test items. When recency judgments were required on tte. test, the 
most recent item or ^air^occlirred fir^tJialf the time and|S^njl half 



.'the time. ^ ^ . ' 

Under all conditions, three study-test cycles were given: The study ^ 
t and the test list were exactly the same dr^^fitthree trials. Before- 
first study trial, the subject was'fuUy infdiji^d jp^ n^re of 
^' the Wdy tlist and the? natur^g^J^th^^^^^ 
test Ihj?' subjects were informed thaV tRfey V^ given a second 
sji^dy' trial and'^ test. which were exactly the ^aitife as the first. This 
^ JnstriJCtion w^s repeated after the second test trial. 

Eive independent groups, of 20 subjects eacfi, were used t'o repre- 
sent th^ five^cbnditions. The subjects were assigned to conditions 
by a bioek-randomized schedule. All subjects were tested individually, 
a -memory drum being used to present the item^ an the study trial. 

Results , ' * ' 

Recency judgments. The recency judgments given by the sub- 
jects in three of the conditions (KrP* P-R, R.-R) will "be examined 
initially. First, it ^^Ji^ reported tlkt,the number of correct recency 
judgments did not-iSifffep/or the I9k8 and 1971 Lists, and these lists 
did not interact with any of the other variables. Therefore, the items 
from the list3 were pooled 'to ex ami™ lag and trial effects. Two plots 
are shdwn,in Fi|ure 1 2, the upper on^howing the percentage of cor- 
rect responses as a function W condition and lag, and the::}ower one 
showing th|e percentage of cqrrect responses as a function of trial 
'lag. Kn unexpected finding was the lack of influence of lag on tne 
recency judgments. Although there was a small upturn suggested at 
lag 12, lag ^s a, main effecyt fell appreciably short of significance 
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FIGURE 12. Percentage of correct recency judgnients. as a function of lag and 
condition (upper \ panel) and as a funct ^n of ^a^- and trials (lower .panel) 

(Experimeut, 11). ) ^ ^ ^ ^ 

C/ " ■ ■■■ ^^pl.. . . r ' . . ■ ' 
(p = 00), and if did not interact with any ^d^Hfeariable, There was 



a sigrilficant effect of conditions, F(2, 57) 



^;p-= < .05^ How- 



ever, tested independently, neither of the two sets of adjacent con- 
•/r^jfitipns differed reliably. The significant effect was largely due to 
^^^^ t^^^^ P-P over the other Jwo\ This indicates 

that tfte presence of the stimulus terms facilitated, the recency 
judgments. - ^^^^^ ^ } . ^ 
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U - Tbt there irwas learniiig"across thi three 

0^;^-tria^ amount of learnihgo from trial to trial did not dw'fer as 

f^r a functi^^ No Interaction between two variables evem ap- 

■ . proached sto was apparani the 

; . 'suhount sh^ld riot be exaggerSfed Of the 60 subjectSoin the tjiree 
• , conditions combined, 8 scored below chance in "terms of total correct^" 
responses adross three trials, and we? may presume that an equal num-^^ 
ber scored ^ove cKance even though they responded randomly, ^s 
may be seen jl* Figure 12, on the, first --trial, t1i£ Sfcores were only 
/ slightly above chance (50%). ^ 

Lag Judgments, '/kXI^ conditioris^qiiired the subject to, 
lag juagm^nts. -In Order fcto establish the proper perspective on these 
judgments, a plor of the overall resuJtjSt/jB shown usm^ a scale for' 
\ ' the ordinate that is apprbpriate. for the true lags. This plot is shown 
. as Figure 13. Statistically, there, was a lag function sumniing across 
the 100 subjects (p = .001), but when plotted as in Figure 13, h is 
almost not discemable. Furth§rmore, there was no increase in' the. 
slope of the lag function. THat is, there was no learning across the 
. three trials. The judgments at ^short lags axe a little lower on Thais 
'J-^^Mi^ 3 as should be expected if learning' wS^ oCCurring; but with 
^ lorifi'lags, there wa»no correspdhding Increase across trials in the lags 
, X assigned. In short, in^this situation, subjects do not appear capable 
of learning lag differences. 

The next steps were taken to simplify^ the data somewhat for mor'e 
detailed presentation. The data showed that lag judgments would not 
* be a Satisfactory way to distinguish b^een possible discrirriinability'^ 
differences of the 1968 and 1-971 Lists.\n none of the conditions wafs 
there a difference in thp slopes qf the lag function for the two sets of 
lists. We may therefore collapse across this yariable for further 
examination of the data. yiQ may further eliminate Condition R— R 
and Condition P-R since the lag functions for these two conditions 
did not approach statistical reliability, whereas in all of the other 
three conditions the lag-slope was highly reliable (p < .0 1 , in each of 
the three conditions). The distinction between the Wo sets of con- 
ditions is that," in,**tlfPfhree conditions in which a lag functidin was 
/ obtained (P— P, S-S, P~S), the judgment could be" made on the 
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basis of a repeated item, (repeated sVhnulus termsjTrather than on the 
basis^ of two different items (th^res^nse termMn Condition. P--R 
and Golidition R-R). This differenceLxfJttfipm previous findings 
of otl^er iijvesitgators (e.g:, Hintzmany Summers, & Block, 1975). ^ 
'The l$g functions for the three condrftions showing statistical relia-' 
bility are plotted in Figure 14. Although the mean values rnay differ 
ffom trial to trial, there is at besfmeager indication that the slopes 
" * of the lag functions become consfetently and appreciably steeper 
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•/ .adross-trial^. It is not :^pparerii?^ in oilf -c^iSe (C^ 
.tfie y^ei ass^^ t(D|all lags tepd^ decrease? aK:rtjss tidils^^^ 
anbf fi^, they tdi^^^ fijerease-t^ondifion \ 
' ■'- Jilad hc^ judgrnervts and lag j^gmejYts in v'^^ 

. ihi tjiixee cOrid^ in ^Mch b^iith respqms^^ were reqmredT^ Howcf^i 
ever^ silQpe pi^sures pb^^^ fbi^i^idividuai s^^cty^er^ 'V 



^^^^^^^yf^ tKQ^ exaiTiined lag jiidgiTients^^ 
^li'^tpT^ and compared them- With lag jiidgrnem • 

; • ;fOT:sut)Jectj^^^ 6f correcrt recehc^i^sponsWi-Tjie 

■^;slopes^ we e^xi^ectld Ifiapifen ! 

;^*enc^ in; judgments ^^fo^ occuniiig in thi^Varj^ 
^ V istudy list a ndSi^ul d find no evideric|?^£^ei^^ curve ofe^ny . 

/^^othQf relationship Ih at was^stemati^jSHd^^orn across cpn:^;: ■ 

^-oditions. This is to say that .lfenefof piir b helped in^>X ^ 

understancfing the results as presented in Figvires'12, 13, and 14. > 
;9ur Seiatch for differences in- ternporaj^ disci^rninatioris for the - 
^ 1968' and^l 971 Lists was not aided by this^ exp^Hnren^ ^ 
: discovered two facts which we have found suFprisirig:-Firsti=a subject > 
,wai learn within-list recency .relationships across-.trials, but this . 
learning, is: completely independent of lag and occurs slowly . Second^ 
! lag j.ii^Jgments im't)rov!B''very. little* acroSs trials, and, with unrelated-^V 
■>words, l^e lag had no influence on lag judgments on any trial: These - 
faAts must -^necessairily enter the picture when we attempt to sum- 
marize ih€ implications of -buv work in the last. chapter. For the time 
being; the central chase tontinyes with g further experiment. . 




' ^ ' ' ^ EXPERIMENT 12 . 

' ' f ' ' 

"Earlier J referred to a possible erroneous conclusion^ drawn from 
experiments in which /4 -5 had been distributed over several days 
(UncferwDod & Ekstrand, 1966)/ In Experiment 12, the validity of 
this conclusion was tested. In order to understand the/issue, three 
different conditions must be kept^iii mind. Assurhing that 32 trials 
will be given on A—B ;thQ three conditions may be shown as follows, 
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; With the^ * ? 

W^</J-■Ml^M^^'^ Tui^sday y^i^tiM^y Thursd^ * . v Friday - 

V." Because ^th^^^^ the* first two; schedutes yi 

. e^^ because bo^ were much higher 

/-'' untier thei^pRf^ it ha& been conqlu^ed; ^haf ttA 

V y rrtbci^^ in *tihi.e teductio^ in fS-oactiye iiflpibkiori;^- 

That is,.5dft^^ibi^ of temporai discriimihation was establfehed.when 
^ / yi--^ learmi^{was^^ on Monday, arid this 

dilffiebntiati^il^: be^n higher than for the third condition, 

.. - xe^ed:ii0^ difference in proactive ifiterference between the 
' ■ r ;^ifiist ^nd the third. O.f course, these findings 1^ 

y < :x>T)]^ i^ists. ; . ^ ; ; ' 

• Gur:^ studfes have shown that it is npt advisable to com- 

.:pare quantitative values across .experinients when the experimental 
histoty SFthe Objects is not controlled; The,sam^ qtiantitative out- 
: com^ may have been quite fortuitous, 

and th^underiying mechanisms may he quite different. Or, it may be 
:v - that there is some overlap in the mechanisms, bit it is incomplete. 
Fihally, it may be that the original decision that both of the first 
tv^^o conditions outlined abovg bring in the same temporal discrimina- 
tion was the correct decision: Thf results for the 1971 Lists showed 
. . no effect of the temporal separation between A-B and A-D learn- 
ing. In Experiment 12, the ^-5 learning for these lists wks spaced 
" over days exactly as indicated in the. distributed condition above. 
HThe usual zerOTint'erval cofitrol was used (the third condition above), 
in which A-^fi WaVTbamed on Thursday,, followed.immediately.by 
the learning of ^--bv If recall dpes not differ for the two conditions, 
it will be' concludecif that the original decision was correct. If a 
significant slope is found, it will be -concluded that the original 
conclusion was incorrect.. Further, given the later outcome and, 
to ^ome extent, depe^^ding upon the magnitude of the slqpe, a con- 
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'^JM; /the CHASE ' , '^^^/^af i/|f £ 



■ :^ ■ ;*^The; rekults are : quite/tfn^ ' ; 

:V V. ^<3¥::the 1 :Usts^ri four days/d^i|M the conq Jasjons • . 

' > - by seyerali|#,^; / 

^ on; the i^cafifof /aftet types of ppera-: 

V . 0 ti^ris l^e. produced Wide diffto:fnces;ih for the j968 

/ sbme: fha pMicip^te in Ittie exhilaration ^ 

W 7^^^ when the fox-'elUdjBS the hounds 

V / i ^hd ci^pps,^w;^y to be the object of pursuit another day. I find that. 

^ ^ rnix^d ei^^ attehd the end of the present chase* It would^not be / 
: V!r:0- coi^ct^^ I aril, (cieli^ted that bur attempt to sqlv^ the case . 

^ slope ^as Essentially a failure. At the same time,/; 

foUoWixie twjo conclusions: ■ 

* f vUy^6yond reasonable^ one (or more) of ijie differejices 

V / ampii^ the characteristics' that distinguish the 1968 and 1971 tists . 

represents a"-iprmidable variable in determining temporal coding, 
y hence in detjermining proactive interference. In pne case, memory 
for the order of -the twd lists was an integral part) of the overall 
.memory for the words in the lists; in the other case, thi^ part of the 
" memory was. never evident in the recall performance of the subjects, 
2! The attempt to develop short-term procedures^to investigate 

* ^ more efficiently the influence of differences in word characteristics ' 
[: ■ for the 1968 and fOVl Lists was not fruitful. Yet, Experiment 11 ' 

, (whieh was the major experiment using short-term techniques), pro- 
. dliced. two surprising (to. me) discoveries. First, recency judgments 
amprpVed. across . jtrials, but the improvement was.independent of the 
4 r separation of the two target wbrSs (or pairs of target^ words) in the - 
'l]sp, Second, the subjects were found ta be iitcapable of leamirg 
(over three trials) the degree 'to which the target' .words were sepa- 
/ rated in the lists. These findings, plus some oj; those td be repprted 
in the following chapter, have allowed me tp repress 4?o some extent 

/ the memory of the failures described in this chapter. - ! 
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Bj^yond the Puzzle 

m . ■ -V^-'' ■.; r 

It has been noted that, although, pur interest in temporal coding was 
generated by the puzzle, decisions had been made to extend our; 
. research beyond that instigated by the case of the missing slope. In 
Chapter 2, Various attributes were discussed as possible vehicles by 
which temppral coding might be established. One of ^these, which 
has figured prominently 'in theoretical fbrmulatiobs for various 
phenomena, is context. Simply stated, different pont^xts may 
become associated with different target memories and these contexts 

• may be more easily remembered than the targets. But, to-repeat what ■ 
was said in Chapter 2, there seems to be no easy way to get context 
memories to mediate temporal discriminations, unless the contexts / 
have; calendarlike properties or are associated with memories with . 
such properties. It does not seem that contexts, fno matter how . 

• memorable, can , produce temporal ordering simply because they arQ 
remembered better. Still, "as has been seen, some experiments turn* 

; very unexpected findings, so the issue should not be severely pre- 
judged. ' " 

Three experiments, will be reported on context effects and their 
role in temporal discriminations. The first two involve between-list 
manipulations, while the third involves a wi thin-list approach. 

^fourth study looked at temporal codift§-«<a function of the number^ 
of different events falling between target items and at the rctetidti-^ 
ships among temporal coding, frequency assimilation, and associative 
leiaming^ \ 

EXPERIMENT 13 

It' has sometirries been suggested that /'internal" context represents 
the most effective type of context manipulation when dealing with 
relatively short tempofal intervals. This internal context might 
include covert thoughts, moods,* or emotions of the subject-which 

• ^ 99 
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occutat the time,theHask is given; In Experiinent 13, ah-exaihination 
w^s made JTpf the influence of a somewhat . different type'of mtemal 
'' ■ cdnt^t. For iack' of ^ . better term- I will callus proce^i co/z^^^ 
^ rriechanism context: Jht ajpproach' carries the assumption that the ; 
. learning^pf different* verbal tasks requires (to scJme degree, at leasl) 
different processes or mechanisms, In^dfaf as these processes differ, ^ 
«they wiy^ produce a different ihtemiil context for the words occurr. - 
; . ring inthe differeift^tasks^ : . - - 

There is. some evidence in the literature that cowld. be interpreted \ : 
to mean that process context can serve to differentiate two lisjts. For 
. example, Shuell . and Keppel (1967) asked about retroactive inhibi- . 
t tion when the two lists were learned as serial tasks, when both were 
learned as free-tecall tasks, or when one was learned as a serial task 
and the -other as a free-recall task. In short, the independent variable 
was the same or different typevof tasks. These investigators found 
that retroactive, inhibition was less under, the differ^nt'conditions 
than under the same conditions. They point out that the interpreta- 
tioh of the finding is not without ariibiguity. It may be that the dif- 
ferent tasks> pro^i^ced Uetfer temporal differentiation iinder the 
different conditton than under the same condition, or the result^ 
could be interpreted to be a conseqjuencl.of differences in unlearning. . 
Nevertheless," tAe resuhs of this expopment' are suggestive of the 
j)otentiar of process context as a means of producing temporal 
differentiation! • ^ 
' In the present experiment, ^the subjects learned four successive 
lists, following which they were' asked^ to* indicate the list member- 
ship for each word in all of the lists. In the different condition 
(Condition D), the fouf lists were constituted as four different 
tasks: a verbal-discrimination list (VD), a paired-associate list (PA), 
a serial list (SR), and a free-recall list (PR). In the same condition . 
(Condition S), all four lists were of the same class. If proceslcontext 
differences aid "temporal coding, list identification shquld be superior 
for the subjects given Condition D than for those given Condition S. 
Two features of the experiment should be empilasized. First, we 
went to some extreme.to be sure that the list numbers (1, 2, 3, 4) 
occurred several times during the learning g)f a list. The purpose ^f 
this was, of course, to establish opportunity for associations to^ 



l^:Z^^^^P ^ ^ itejiis, and a simple, ordering systeih. 
£S:Seipcnd^:.w^^^ all lists in order that it ' 

M^^jl^^ P^^ that a subject would fail to recog- 

^TOZ^^a^^^ test^ ; ' 

:^±:o^Usts. Each of the Tour lists. was made up of 16 words. The 64 
words^^^l^^^ sample of a larger random sample of. 

twb-syUab^^^ of from U to lOin theThorhdike- 

Lorige taW^^^ Tile 64 words were, assigned randomly to one 

• v - of arid the. numbers 1 through 4 assigned 

to tJie li^^^^^ conditions of the experiment, the order of the 

'.^ lists was 1 through 4, as indicated hy the afciove assignment. For each 
sef o^- 16 Words, the four types of lists were constructed,. These, 
consisted "of 8 pairs of words for PA arid VD and 16 single items 
fo^^ , ; ^ 

: ■'^ . C^^ were six. conditions, four representing S 

; cpridiiions arid t>yo representing D cgnditibns, . with 20 subjects in 
Qichxcif the six groups assigned to conditions by a block-randomized 
. sphedulie. The foiir S coriditions may be identified , as VD—S,.PA--:S, 
ySRV-S, and FR-^S, In these conditions, a. given group learned four . 
*^^'SUQC9Ssive Usts 0 same type. There wfere twb^D conditions, ,^yhich 
identified as'Dl and D2rln Condition Dl, a subject learned 
four different types of lists. 'By varying the. order of the lists^\vithin 
subgroups, 'each list t^e occurred equally often (five times) at each 
of the four positions, wjien vieWed actoss aH subjects. Furthermore, 
iii>no^c;^se did a VD_list and a PA, list occupy adjacent positions 
withiri-the series ^.four positions. Likewise; FR and SR lists never 
occupied adjacent positions. It seemed possible to us that the lists 
migM be distinguished on the basis of pair presentation versus 
single-item presentation on the study t?mls.- In Conditio*n Dl , tKere- 
fore,^, :this confounding- of adjacency oMist position and context 
similarity was. avoided. In * Condition D2, this confounding was 
present. The ord^r of the lists was arranged so th^t the SR and FR 
lists were alNVays adjacent (Positions^ 1 Jnd -2 dr Positipns 3 and 4), 
and th,e same was true for the PA and-^VD lists. As can be seen. 
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however, it was still possible to maintain' the rule tHa^\ across th429 
subjects, each list type occuned ^equally often {five times) at.each of .\ 
the Tout positions in the series. ^'^ ' \j< . . ^ . ' ^■ 

• Procedure. .-Thete were three/ study-t^st cycli^^^^ each/list: On 
the study' trials, the rate of presqntatroh on the rriempry drum was . 
4 seconds, per i?airi^^ or two seconjis per jtemJC^ 

SR). The test for learning, given after each trial, was lin^^teg^b one 
minute,; during; which tj|^ subject wrO?le.his/responses, For t^sts oh 
tHe'SR lists, each recall sheet contained* 16 numbered blanks, and the' 
subject was aSlced to write the words in the correct positioh. FLor* 
tests oh the FR lists, the subject wrote his responses on a sheet with 
^6 un hum bered blanks. For PA, the 8 sUhiulus terms were presented. 
with<a blank after each, and the stibjeo* was asked to- write in .the 
appropriate 'response terms. For the VD tests, the 8 pairs were 
sliDwh, and tjle subject was required to circle the member of the pair 
that had been li^derlinQd (correct w6r^) on the. study trial. The order 
: of the items or pairs differed for each study trial for the VD, PA,' and 
FR lists, but, of course, the order was al\yays the* same for the SR 
lists. A single order bf the pairs was, used for the three test trials for 
thePA andyo tasks^ ^ . ' ^ .^ 

/ In the initial instructions, the subjects were itiformecf ^thaf they 
would be given three study-test trials on 'eac|ijtaM"our lists, the 
nature of the tests for learning were also described. The experimen- 
talist always referred to^each list by the appropriate number, and- 
the list number was mentioned before each study trial. Furthermore, 
the Ust number appeared on the memory drum tape before each 
study. trial and on each test sheet for each trial. At the minimum, 
therefore, each list number was given nine times, three times by the 
experimenter and six times ,6y the notations on the tape ancj^est 
sheets. ; 

For the D conditions] it-was necessary for the experimenter to 
^-give new instructions for each sufCcessive task. We abbreviated these 
instructions as much as possible. To keep the intedist interval about 
the same for the S conditions as for the D conditions; the experi- 
menter simply cfepeate^l the original instructions for the particular 
type of task after the completion of the learning for each list in the S 

conditions.. ^ / , • ^ 

JL U i ^ ; 
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After the third- trid on the fourth list, each subject was given five ? 
v^-: to work on the pyramid puzzle, Following.this interval, the . 

4 list identifiq^tion task, were read, Atjjo time 

' beforo^ this point had , the subject been informed that such a test 
Wbu^ be giyen:The test was.p^ced at a ^-second-jate, .and the sub- 
■y je'c.tSjWere' forced to respond to each word with a numberX1^2,.3;, 
jr 4), to indicate the list membership of each of the 64 words. The 
^order of the items on the test was randomized, subject to the^^estric- 
tion that one word from each of the four lists be represented^ in each 
successive block of four words. 

Results ' -jC^ ^ -J ■ \ 

Learning. . As a measure of learning, the m^n total number of 
. correct responses for three trials ^yas used- Fot Conditions S— PA 
and S—SR, performance from the first to the second list improved 
' Somewhat (leaming-tO"leam)ait6 then remained roughly constant for 
; the three lists beyond the llrst. For Condition S— FR, the learning 
; was fdugUy constant lacross^all four lists,. and this was also true for . 
' Condition S—VIj). Indeed, performance on the VD lists was essen-' 
tially perfect on a|ll trials. Of the 20 subjects in ConditiorL^S-VD, J 3 
failed to 'make an error across the 1 2 trials. Summing across the four 
lists, the mean tptal correct response^tper list were 23.74, 18*66,, 
21.58,: and 26.00 for VlD, PA, SR, and FR, respectively, with a 
maximum of 24 possible for VD and PA, and 48 possible for SR 
and FR. After cbmbining Conditions Dl and D2, the mean correct 5» 
respo^nses per Use corresponding to those for the S conditions were 
found to be 23J58, 18.40, 19.78, and 28.38. Essentially, then, the , 
levels of learning achieved under (Conditions D and" S were the same^ 
for lists of a giveh type. "'^^ 

List identification. The mean numbers of errors made on each 
/ of the four lists for the six conditions are shown in Figurdi^lS. For 
each list^the maximum possible number°of errors was 16, and sheer 
. - guessing should haye produced a mean of 12 errors. The results for 
the four S conditions are in^the left panel of the figure, those for the 
two D conditions in the right panel. It may. first be noted that 
summed across the four lists, th^re were fewer errors under the two v 
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FIGURE 15. List-identification errors on the four lists as a function ofleariiingllie same type of lirt^^ , •■ 
different types of lists (Experiment 13). • ' ^ . ^. ' ' ■ 
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D conditions th^ under the four S conditions, the means per list 
* being^.84 and 6.71, respectively (r = 3. 96). This findin^^ indicates 
that what I have called process context facilitated ternporal discrim- 
inatiph. - - ' ^ * 

Looking at the left panel, it can be seen that the^ were differ- 
ences in correct identification as a function of type of task,7^(3, 78) 
= 3.4^> p < .05.. The effect is primarily to be attributed to the 
rejativdy good ^performance -under Conditjion S— PA on the first ' 
two lists and poor perjformance;under Condition S— VX) on lists^S' 
and 4. -The nunlber of ejrrors was also influenced by the position of 
the list in the series of four lists, i^(3, 228) = 4.53, p < .01: Generally 
speaking, there were primacy and recency effects for lists, but these 
were not neat arid' clean for all list types. Although the figure sug- 
gests an interaction between type of task andUist, statistically, this 
interaction fell short of an acceptable level of significance (F = 1 .40). 
The mean total errors across the four lists were 32.40, 38.55, 35.00, 
and 35.40 for PA, VD, SR, and FR, respectively. , Two subjects, c 
both in Condition S— VD,' scored worse than chance (48.00). 

As seen in the right panel of Figure 15, performance on the». first 
two'Usts for the P conditions was about at the sam6 leiyelas was that 
•on the first two lists for Condition S— PA. The most noticeable 
influence of the context differences occurs on the last^wo lists. In^ 
recording the data from the D conditions, it becarjne quite apparent 
fhat many of the subjects had error scores that were well- within >| 
the rain^e of scores for the S conditions. A distribution of the 40 
scores showed evidence of bimodaUty. The 40 subjects were divided 
at the median and, the means for each subgroup determined; these 
values were 15.80 and 36.00 total errors. The latter value approxi- 
ma^tes the mean of the 80 subjects in the S condition (35.34). As 
,>voUl(} :be expected in view of the above facts, the standard devia- 
tions diffeir^d-^for the subjects in the S and D cQriditions^- being 6.30 
foij this 80 subjects in the S condition and 12.67 for the 40 subjects 
in the D coriditions. To describe these results in sharpest terms: 
About half the- subjects in the D groups were markedly influenced 
by the context manipulation; ^out half were not influenced h all." 
i*.- We may ask about list-identification errors as a functiotv-eff type 
:;of list for the two D conditions combined. There were 40 subjects 
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for each type of list, ahd since list "type was counterbalanced; it is; 
pemissable to look at the four m'feans representing list types, each 
bd^^based on *jtO -subjects. The means were '6.15, 7.10, 6.68, and 
.7.05 for PA, VD, SR, and FR, respe;:tively (F< 1). Thus, the facili- 
tation producqjd Ipy context, was jbout the same for,all ty'pes of lists. 

The next step is to ask about error sources! When an error was 
made on a giveii word,' with what list was it identified? The manipula- /^ 
.tions.m this expeiirnent involved three kinds of siifiilarity, each, of 
which could 'be a potential source bf confusion. There is |lrst the 
similarity produced by the diffewnces in tempoi^l. closeness of the 
lists; adjacent lists, are more similar (closer to^^ther) than are non- 
adjacent' lists. Lists 1 and 4 represent the extreme (least close). 
Second, the manipulation of process"^ context in Condition Dl was 
aimed at reducing the deleterious effect of temporal closeness on 
list identification. Third, with respect to Condition D2, insofar as 
pair presentation versus sina^e-item presentation, in the lists can serve- 
as a discriminative cue, ^or sources should be influenced. The 
pair-single variable misfit influence performance either because of 
the superficial perceptual differences or Because there is a concom- 
itant process difference, or both. We have already seen that the total 
number of errors did not differ for Conditions D 1 and D2. It remains 
to be seen whether error sources differ under the two conditions. 

When errors o^i each hst were plotted as a function of tHe list • 
identified in the error, the plots closely resembled temporal general- 
ization gradients. The closeness of lists was cleariy seen to be a' 
, determinant of error frequency. These gradients do not; however, 
provide the best means of depicting the differences in error sources 
for the various conditions of the experiment. An alternative method 
is shown in Table 4. These data show the percent of total en-ojrs . 
produced by an interchange of errors between all combinations^^ 
two lists, The vj^lues.for the four S conditions differed VQvyii^^md 
were therefore combined in/fable 4. The perccj^tages for Qonditions 
Dl and D2 are shown. separately. . \ 

A comparison of Dl and D2 shows that adjacent lists constructed 
of pairs (Lists 1 ^d 2 or Lists 3 and 4) and adjacent lists i^ which 
single items were presented produced two consequeaces^irst, the 
errors increased between the two adjapent lists, and, second, the 
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errors between the^fu^t two lists and the last two lists decre^^ed. The 
* first restllt is- given by a comparison of Lists Land 2^ and Lisf.:^ ahd 
. 4 across the two conditions^. A comp^risoii of the two conditions^^n 

all of- the ^remaining' combinations gjy^S the= support for the'^'second 
; x.onclusipjri. These effects ^re pre^sely what, should oecuf if- the 
/ :pair-spgte^ manipulation was a relexanyifljH 
; produce these effect^, oL cTourse, jHjj^^^^^^^^Hfial, closeness 
,^ be involved^ In effect/ the ;similaifl^^^^^B|^^^^^i|d VD lists 




'and the SR and PR lists increa^^^^^H^^pm^e' temporal 
closeness. 

1 n There is at best only^ suggestive evISence Jhat the pair-single 
variatjle had an influence when not^ supported by the highest levef 

— --of-t^peral closeness (adjacenc/jT In Condition Dl, the pair-single 
variable should, ineffective, have increased the interchange of errors 

^ between Lists 1 and 3 and Usts 2 and 4, Comparing the percents 
for Condition Dl with those for the S conditions shows that the 
•errors are greater for Lists^l and 3 for Condition Dl than fbr the S 
conditions, but thife is not true for Lists 2 and 4, It must be empha- 
sized that the error S(!:ores in Table 4 are reciprocal within a con- 
ditioTT. If one category has an increase (relative to that category in 
another condition), some one or more other categories must shpw a 
decrease. We might presume ^at-the relatively high value for Lists 
1 and' 3 in Condition Dl results from the -pair-single variable, but 
since'most of the decrease occurs for Lists 3 and 4 (as/<Jppos^d to 

TABLE 4 

Percentage of Errors between Pairs of Lists (Experiment 13) 



List 



Conditions 



combinations D 1 D2 



1.& 2 24.3 31.7 20.7 

1& 3 20.2 19.3 13.7 

l/& 4 4.5 4,3 -* 5.6 

2& 3 26.2 13.9 27.7 

.2&4' 10.7 7.2 10:9 

^ft'Z:&.^ >14.0 23.6 21.5 

? 1 "\\:\ \ . ■ ■ ■ ■ ■ ■ 
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beiqg spread over all combinations), we cannot^be sure just what 
is responsive. Nevertheless, \\% can be sure that the comparisons 
for Conditions Dl and D2' show that the pair-single variable had 
an influeftce on error sources. • ' * ■ 

• ' — ^ ^ ' -,■ ^ 

tehrnin^ and temporal disdrirnination: S conditions. We will''' 
,npw examirie the tasJq used in the S conditions to seek relation- ^ 
'Ships between performance in learning and perforrhance on the 
list-identification test. Each task will be exa|||||gti in turn, starting 
•with thie PA lists. 

There was a relationship between the totaljprrect responses \t\ 
PA learning and errors in list identificatiort^^en viewed by sub-' 
jects. The correlation for the 20 subjects was -.46 (p < .05), It 
might be expected that the act of responding (writing) a word ^ 
during the study-test cycles would lead to better list identification, 
than not responding. The only "clcaTf" test for this was to ask 
about differences in the identification of stimulus terms - versus 
response temis. The mean number of errors on the stimulus terms 
was 16.30 and on the rcsj:)onse terms, 16.10. As a second way of 
looking at this matter. ^ asked if thcrfe was a correlation between 
the number of errors made on stimulus terms and the number made 
on the paired response terms. This correlation for the ^2 pairs was 
.25. a value which not significantly different frpm zero. Thus 
there are three conclusions regarding list-identification errors for 
■ Condition S PA. First, subjects who arc the better learners tend to 
make fewer errors than those* who are the poorer learners; second, 
association of items with lists is not dependent upon responding in 
learning: and. third, the basis tor errors made to the stimulus tenn 
and to the response term in a pair is different. We have not discov- 
ered any reasonable explanation of why the performance on the first 
two lists under C oni^tion S PA was better than the performanc^^p 
those lists under the other three S conditions. ^^^^ 
The learning of the lists under Condition S VD was so high tlva?^ 
little variability existed. Therctore. a correlation between total cor- 
rect responses and list-identification errors across subjects or items 
would have little meaning, However, we may ask whether the errors 
dift\'red for the imderlined (correct) words and for the nonunder- 
lined (incorrect words). The average luunber of errors made on the 
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correct words by the 20 subjects was 17.75 and,, on the incorrect 
>yprds, 20'>8(>. The differenpe was reliable (t = 3.08). There is reason 
to believe that, in learning -a VD list, the experienced stibject will ^ 
^■develop a strategy of attending only to the underlined word on 
> the istudy trials. If this "occurred in the presei|l study, the subject 
may :nbt even have recognized a word on the tesj: trials that had ndt 
been undedined on the study trials. If the strategy of ignoring these; 
wprds develops with experience in learning Vt) lists, it wduld be 
anticipated that the difference in list-identification errprs for ^^orrect 
ajjd incorrect words sttou ld jn crease across {he /fouf lists. This, in 
fact, occurred. On the^firijMb-list^ a total of \89 errors vfas-made 
to the underlined QfijSll^^^tt^S/ the nonundedined or 

incorrect words. TltiH^^^HH^ values for the third and fourth 
lists combined were^j^H^HIP- This difference probably accounts 
for the fact that the overa^iiumber of errors on the VD lists" (as 
seen in Figure 15) remains high on the third and fourth lists. The 
decrease in the number of^errors for the^ correct words on these two 
ll^ts (relative to tj^^fflfirst two) is less than the- increase in the number 
of errors for the incorrect words. Had we required the subjects to 
pronounce both words on the VD study trials, it seems very imely 
that the results fgr the VD lists would have been much the same as 
for the FR and.SR lists, * ; 

Turning next to Condition S- PR. we first correlated the total 
correct responses given in learning the four lists by the 20 s,ub- 
jects and- the number ^of errors made on the list-identification test. 
This correlation was onl^ .12. We then determined the number of 
times that each of the 64 words^was given correctly (summing across 
subjects) during learning and correlated these Values with the number 
ef list-identification errors for each word. This value was -v24, which 
is of borderliTne reliability. Thus again, it appears that the association 
of words with list numbers is not influenced appreciably by respond- 
ing with the words during learning. 

Finally the results for Condition S SR (serial lists) will be exam- 
ined; The total correct -responses given in learning the four lists for 
each subject was correlated with the number of list-identification 
errors. This correlation was .15. As a next step, 'serial-position 
curves were, determined l^y summing across subjects and lists to 
obtain the number of correct responses given at each serial position. 
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These-^ values were their transfortned to percentages 'based on the 
total ^CQi^eqt responses across all positions. Then 'the number of 
eiTorstin Ust identification made 6n words ^ at each serial position 
was detennined, again summing across subjects and lists, and these 
! values were transfonned to percent errors at each positipn based on 
total errors a%all positions. The relatidnsjiip between these two sets 
vbf values is sho\yn in Figure/ 16. It is v^ry evident' that the usual 
bow^^ for correct responding was found for these 

lists. It is equally clear that errors in list identification have little to 
do with correct responding during leammg. 

T^ken as a whole, the results of the above analyses for the S 
conditions ar^tgeiarkable for the lacic of r^tionships between 




6 7 8' 9 10 
Serial Position 

. FIGURE 16. The relationship between, the number of correct responses at 
'each position of a serial list and the number of list iderrtification errors made for 
the words at each position (Experiment 16). 
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learning measures and list-identification errors, whethej viewed /uy 
subjects or by item^ Learning ability and ability in making temporal 
judgments were moderately related for the PA lists, but this relation-/ 
ship^ was not evident for either the SR or^FR lists. The rtun/ber of 
times an item was correctly recalled in learning was not xelafe^yio * 
its likelihood of being. correctly identified with its list On. the tem- 
poral test: ^ ~ / 

Learning and Temporal discriminatiorf: D conditions. When the 
"^40 subjects in the two D conditions. Were divided at the meidian of 
the distribution^f error scores, 10 subjects' from each condition fe\l 
in the^l%h-error group, and.lO fell in the low-error group, "(n pursuit 
of ^ther evidence, which might distinguish between these two, sub- 
groups who differed so^ mark^^dly as a function of process contextr 
we have made.a number ^ f analyses irK/olving learning measures using 
these two subgroups ol -0 subjects. At the same timc> we made other 
analyses that involved all 40 Sibj^cts.^ The results of som^ of these 
anal>^s will be described briefly as a series^of points. / 

L The correlation betwedi total correct responses in learning me 
four lists aria number of errors made on the temporal testVas -^37 
for the 40 subjects. Althougii this correlation woiild- be\si/g^<J 
staiisticalh reliable (/? < .03 )v ' iniount of shared variance is' 
obviously lite 'ovy. The corre^iions were calylilated between 
learning sc < eac : task (excurung VD) ancflist-identification 
errors^ All ^ egative, but oni> one, that for SR. was reliable 
(r = ^.43). , , . 

■ 2; If the .'isses- or mechanisms underlying tlu learning of 
the four tasks .t?c lifferent (as assumed by t^-^iot-ion of'prOcH^ 
context), the crnei: ; ons for number of correct responses in learning 
the various :^-^k< sh^.^.i be low. Of tKe three possible cbrrelations 
(again, - the V^^3 r:i : - A^as not included), only the one between PA 
.'and F^R wa^ ; ' different from zero (r = AS), suggesting that 
these two t •. aavftrmore in common than do the other combina- 
tions. The U4.:grs rirfade in list identification for Condition D] give 
little supper^ ^ m ^his commonality. In identifying items from /PA 
lists, the dis.riri:UOn ( errors was 30 6%, 24.3'/;' and 36.0% from 
FR, VD, ami ^^vli^"^^^ respectively. For errors niu^ 'cientjfying 

11 '.^^ • 
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item^ from FR iists, the values were 32,4%, 35 J%, and 32,4%, from 
the PA, VD, and SR lists, respectively. 

The correlations between learning scores for the three tasks were**^ 

.also' calculated separately for the two -subgroups, which had pro- 
duced many and few errors in list^identificatibn. Both groups showed 
positive correlations between PA and FRJearning (.38 and .27), but 
the only substantial correlation was a negative relationship be^een 
learning the PA and SR lists (-^57) for the subgroup that niade,few 

. list-identification errors. When this.cOrrelation was first -calculated, it 
seamed obvious that an ^rror injcalculaWon had occurred. Recalcula- 
tions and a scatter plot showed otherwise. The cprresponditig correla- 
tion fQr the high-error group was ,04. It appeared that something 
unusual had happened an^ that it should not be swept under the ru^, 
A negatit§ correlation between learning ^e PA and*SR Hstsfor 
the subjects making few errors on temporal coding may be iiffer- 
pretecl in a number of Xy^YS- Thelnost direct and least theoretical 
interpretation is merely to say thai;, among these subjects, the 
possession of superior skills for performance on one task is accom- 
panied by possession of inferior skills for the performance on the 
other. Since perfomiance on either task did not deviate appreciably 
from the performance of other subjects, it does not mean that the 
subjects as a group were good perfonners on one task and poor 
performers on the other. Rather, roughly speaking, half were good 
perfonners on PA learning and poor perfomers on SR learning; 
for the other half, this was reversed. It may he noted that the order 
in which the^ PA and SR lists were learned was of no consequence. 

' Indeed, because of some learning-to-leam from PA to SR, and from 
SR to PA, the true correlation i?i somewhat underestimated when all • 
20 subjects were used to estimate the correlation. Looking only at 
the subjects who had the PA list before the SR'list, the correlation 
was" .65; for those who had the SR list before the PA list the value 
was ---70. - ' 

A strong . negative correlation could impiy high discriminability 
between the words in the two lists. Or, such a correlation might' 
implya positive affect for one list and a negative affect for the other. 
Or, it might imply antagonistic processes or strategies for the two 
lists. If discriminability is LMihanccd-. error interchange between the 
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■ two types. ofvJi^ts (SRf^nd PA) oi),/the list-ide^rrtificaticy test should 
be mimmalvWith some treplda^^^^ I will repori that this expectation ^ 
is gi^en strong suppo^ by the data. When an error in lirt idehtifica- 
tiort was made on a Word from a PA list, in only, 8.8%. of the cases 
wais it assigned the, 'num 6f the SR list. When an error was. mad^ 
, oii'a word from' an SR list, in cmtV 14. 1% of the-caSes wasat assigned 
the- number of th^ PA ''list. The' corresponding values^or the high- 
error subgroup were 24.7% ahd 31.6%. The two values , for the; 
low-error group were the two srnallest values in the table of 24 values 
showing error sources for all types of lists for the high- and low-error 
groups. 

f I simply do not understand why subjects who make few errors on 
list identificatica for all types of lists showed a negative correlation 
between PA and SR learning. Iij addition to being quite unenlight- 
ened with regard to the negative correlation, I a-iri not confident 'that 
an 'expectation of fewer interchange of errors for the lists Is proper. , 
l^or am I sure that the results could be replicated. Still, perhaps the 
finding represents a iead that will eventually take someone to Stock- 
holm. It cannot be'fol'^wed further in this book. 

3., The two subgro„r:)s showed same relative number of list- 
identification errors on all four type:, of li^ts. The interaction between 
subgrouns and errors on the four vpes of lists was less tfian* unity. 
Ciood subjects were go<M] on all lis; types; poor subjects were poor 
on all list types. ■ 

4. Plots for the 40 suhjocts shov^ing errors as a function of posi- 
tion in the serial lisu matched the results for the S conditions as 
shown in Figune 16. 

5. Performance on underlined (correct) and nonunderlined 
(incorr.ect) words in th< VD list did not differ for either subgroup of 
subjects. This support^ le idea tha: a subject must learn several 
successive VD lists before he will start ignoring the nonunderlined 
words. 

6. Neither subgroup aiffered on the number of errors made to 
stimulus terms and to response terms rrom the/ PA lists. 

7. Performance on each of the tour successm^quarter >f the 
test list was examined separately for the two subgroups, 'l ie sub- 
group with few total errors /Showed a reduction in error- from 
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quarter to quarter for words from all four lists. The subgroup with 
many total^rrors showed a small decrease in number of errors^ron>- 
the first to the second quarter, followed by successive increases ifor 
the third and fourth quarters. This irrteractidn between subgroups . 
arid quai^ters was reliable, />(3, 114) ='3;35, p < -05. It Was as if ^the' 

:sul5ject^;in the subgroup making few total erroi^ were learning 
sbntethirig as they were being tested*. The increasing differences ; 

. .^tweeri the two subgroups Trom quarter to quarter shoiiM hot' be 
overblpvtn; the two groups differed widely even on the first quarter. 

J ■ . • / - " ■ ■ ■ " "W;- 

Summary ' ^ • ' 

•The resSts off this experimerft indicated that process context dif{^- 
ences can serye to establish differentiating temporal codes for memo- 
ries formed aV^ifferent points in time. The ability to distinguish^the 
temporal order of items in the four li$ts was markedly pnhartced by 
proc^s^ context for about half the subjects and was relatively impo- 
tent for the other half..Zliis bifurcation raey suggest that the infor- 
mation available to the suDgroupS of subjects might no/^tavfe^j^^^red 
greatly but that there vere ''differences irt the utilization of^the 

. uiforrnatiQrn- However, nis experiment was not analytical with' 
regard to this is:sue. T^ie ifferences 'feetwt^-jn the tWo subgroups mary 
mean that the associat: orpcesse? differed and that the^ test did 
extract most of the ini?rr utio*n avaitable o the subjects concerning 
trie list-membership of :ne words. 

Another finding to -oc :cept in nimd is thai tac" relationships 
between measures of lear-ing and measures of list identification 
were, at best. weak, ''^'^/e nlljiavo an opportunity to Took at this 
^natter in subsequent ^ixpe-me'nts anci thereby obtain some idea of 
the generality of the Tindp ^. If is to be hoped that wh^n all of the 
experiments -are evaluated n th J final 6h/pter. some general princi- 
ples may be educed. We are aaing to turn immediately to Experim'ent 
14. m wHic'h the between-lixt context manipulation difftirs from that 
of E iperiment 13. - , . ' , ^ 
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cThis^xpenmertt was designed with three purpo'sesin mind, purposes 
j^tljat may best be understood by describing the tasks given the'.sub- 
/^ects. "All Subjects were given eight successive ^sHort free-retail lisb, 
:;5^fter all eight Usts had -been gJ^ subjects v^e given^^grds 

i^^^ were asked (une^ectedly) to identify^ Afe It 

( 1 ithrou^ 8) in AvWcli thfito # 
. ■/ The^fi^ plurpose was to^tetermi^ie i^a distinct semantic context 
for eacfv ; list /Vould infliien list identification. These semantic 

• contexts we r& induced by having' all oJT^the words, in a list mem- 
' t)ers of a singlkcategojyj with nght different categ .vies|represented 
< by thC: eight lists. Each list wa:^;giye^ tnals and one test 

V triaL;The assumption was that;:^^|^ory names ^ould be elicited 
: implicitly many times in the ^^t '<;^pi^^^ and recalling each list, 
\ Therefore, the "^memory for the category name should -be far more 
. memorable^han the rhemories for individual words! The memory 
fpr the ordering of the eight category names (if present) should 
me'dkte the ordering of the specific words. To eliminate^the concept 
siame as a potential Ordering code in other conditions, instances of 
. each concept occ^urred in all eight lists. , 

The second purpose of the experiment- was to determine if exter- 
' nal tasks that were different from.edch other and distinctly different 
from the free-recall task could serve as effective temporal coding 
contexts for the words jn the free-recall lists. Thus, *in. some con- 
ditions, eight different taaks were given to the subjects, one after 
^each of the eight fre'e-recaU Usts. These tasks will be^described la 
Jki control conditions, the same external task w;is.givtrfT^fter edch^f 
the fr^e-recall lists. ' . , * 

The third purpose of the study was to detemiine if the two types 

* of contexts *^emari tic ancj external) would summate or interact in 
any way in their influence on temponil coding. To this end, condi- 

'Mions were included in which no external tasks were admmistered 
between the Successive fr&e-reca^ll lists. 

In summary, there were three variations o'f the external context, 
same (S), . different (D), and none (N) Under each^f these three 
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contexts, th ere we re two semantic context cr Jitioris: one in which 
all of tb| llflHH werb ihstanoes 9^ J(k^^^ cont ^t, or 

unmixeiJIt^^^HHwe^^ which instanced JP^^fcitext occurred 
in each lisV^||^fc:jpT^}^ The six conditions inay be^dentifled by 
two letters, the 'fir^t re|)resenting the semantic context, the second 
fepresenting the Eternal context: UN, US, LFD^ MN, MS; MD. If 
both context manipulations are effective, maximal list-identification 
performance should occur under Condition UD, minimal perform- 
ance under Condition MN. ^ . 

Method ^ * 

' Lists. Eight categories were chosen froih the Battig-Montague 
( 19(69). nohns, and, for each category, 11 of the 'most frequently 
given words were selected. The eight categories were: alcoholic 
beverage, weapon, sp^rt, fruit, metal, tour-foote'd animal, kind 
of cloth, and occupation or profession. Eight of the 1 1 words in each 
category were chosen randomly to form the eight lists tdi&fe learned 
as unmixed (U) lists. A single random order the eight lists was 
used for all subjects in the learning phase, the order being as listed 
above. The three words not used in the lists were used as new words 
on a recognition test given at the end of the session. From among 
the eight words in each list, thcee were chosen randomly and used 
as .test words on the list-identification tesi Three additional word^ 
were selected randomly and uked as oid words on 'the recognition 
test. 

The mixed (M) lists were formed of eight words, with one word 
from each category appearing in each lij^t. These were the same 64 
words that were used in the unmixed lists. The mixed lists were 
constructed so that the 24 list-identification words (three from each 
list) were 'exactly the same 24 words as te^jted from the unmixed 
lists. The same reciuirement was im pissed for the three words from 
each list used on the recognition test. 

External context tasks. The c'^hi tasks used in the external 
context manipulations will he described hrietly. TIk^ order in which 
they are described represents the order in which they were given to 
all subjects in the different (D) conditions 




\ EXPERIMENT 14 117 

irSymbof cancellation. Ten different nonletter typewnter 
characters or symbols were randomized in horizontal lines of 30 
symbols each. In front of each Une, three of the syii^ols were given' 
as those, to be. crossed out in that line. The three Target symbols, 
differed from line to line. / 

: 2, Anagrams; The 20 scrambled words all consisted of names of 
jcoiintrie^, a nd thfe subject w'a s informed of this. 

3. Arithmetic. Simple addition of sets of eight, two-place ^^um- 

bers. ' " ^ 

4. Stroop test. A version consisting of five diffecent color names 
printed in inappropriate colors of ink. 

5. Search Task 1. This task was patterned after the one described 
'by Kappauf and Payne (1959). Pairs of two-digit numbers (e.g.^ 
39-64 were printed in a long column. The experimenter gave the 
subject a two-digit starring' number to be found among the numbers : 
to the left of the hyphen. When the subject found this, th^ number 
to the right of the hyphen designated the next target number to be 
found among the numbers to the left of the hyphens, and so on. 

6. Alphabet printing. The subject printed the letters of the 
alphabet upside down, moving from the right to left on the page. 

7. Mirror star tracing. The five-pointed star was a double image 
wjth a trorder six millnjicters wide* around the edge. The^subjects 
viewed the star in a mirror and, starting at the lower" right-hand 
point; moved their pencils in the border, going counterclockwise, 

8. Search Task 2- The numbers 2 through 75 were raifdomly 
positioned on a sheet of^papcr, with the number 1 in the center of 
the sheet. The subject cireled the numbers in order. 

As 'noted- eariier. all eight tasks were used when the external 
context was different for each list. For the same context condi- 
tions, a subject had^the same task after each of the eight lists. Three . 
tasks were chosen' from among the eight /symbol cancellation, 
Stroop, mirror tracing) to be used for these S conditions. An equal 
number of subjects was assigned to each. 

Procedure. The subjects were infoiQ^il initially that they would 
be given several short free-recall lists to learn. Those subjects assigned 
to conditions involving external-context tasks were further told 
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that they would be given »^)ther tasks for the purpose of discovering 
how well people can do different kinds of tasks. Each eight-word 
list was presented for two study trials, at a 2-second rate, with a 
different order of the words on each trial. Following the second 
study trial^ a 30-second recall trial was administered, during which " 
subjects were told to write the words in any order they chose. 
aW external-context task was called for, 30 seconds were allotted 
for instmctions, followed by a 60-second test on the task/ Although 
the instruction time may. have varied somewhat, the 60-second 
performance test was exactly timed. , Imrrrediately after the test 
on the external-context task, the next free-recall list was given for 
two study trials, and so on through the eight lists. 

In the two conditions where the external context was not given 
(Conditions' UN and MN), a problem of method arose. Ideally, 90 
seconds should elapse between each list to correspond to the time 
required to administer the external-context tasks. What activity 
should the subject be given during the 90-second interval? A pure 
blank interval might have led to rehearsal of the lists. Filling the 
interval with some innocuous task was precisely what was done in 
the S conditions. The decision was made to omit the ^-second 
interval. Thus, after the recall of a list, the experimenter immediately 
gave the study trials on the next list. The consequence is that the Hsts 
"were more temporally bunched under the two N conditions (MN and 
UN) than under the other four conditions (US, MS. UD', MD) in 
which external-context tasks were used, ** 

Following the eighth external task (or following the recall of the 
eighth list for the N conditions), the list-identification test was given. 
This was an unpaccd test. There , were 24 words on the test, three, 
from each list. The subjects were required to assign a number-^l 
through 8) to indicate their judgment concerning the list membership 
for each word. The subjects were told that all words had been in the 
lists, but were not told that the'test included three from each list. 
After this test, the recognition test was described to the subjects. 
They were told that some of the words had occiy^red in the eight 
lists, and that some had not (were new words). The 24 words from 

■ •■tHe:li^ts and the 24 new words produced a 48-item test, and the sub- 

■ J^T^-.-were required to make a YhS NO decision for each word. As 
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described earlier,^the list-idpntification test and the recognition test 
were identical forall six conditions. ' ' j 

One p'articular-aspect-of Jhe_prof^dur51j^^^^ : ; 

be emphasized. In contrast to the method used fov Experiment 13, 
Ust number vi^^^ to identify the Us'ts. If a calendarlike 

. ordpring device was to develop, it had to be supplied by the subject 
Since the subjects did riqt know that a lisVidentification test was to 
be giyeri, there is no reason to believe that Ithey wc^uld deliberately 

*set about to'deyis^ ah brdering system. ^ " 

Subjects. A blofck-randomized schecj.ule was Used* to assign 24 
college students to eacli of the six cona*itidTiis..For the two condition's 
in which the'same external task was used' throughout (Conditions US 
and MS), eight subjects were assigned to each of the three tasks/. 

Results " ' > 

Learning. It would be expected that the re>a44 of the words from 
the unmixed lists would be higher than the recall from the mixed 
lists. No clear expectations had been developed concerning a possible 
role for the external context tasks on the free-recall learning. The 
total correct responses ^cross the eight lists was detennined, and 
these are plotted in teofris of percentage of correct of total possible 
in Figure 17. As can /e seen, performance was better on the mixed 
lists than On the urfmixed (F = 38.45). The external tasks had no 
influence on»the unmixed lists,, but a clear negative influence was 
evident in the recall of the mixed lists when no intervening task 
was given between Usts (Condition MN). Under Conditidn MN, 
performance remained about constant across the eight lists, whereas 
in all other conditions, performance increased across the lists. The 
interaction between the two variables was reliable F(2, 138) = 4.66, J 
/?<.05. 

Performance on the recognition task (given after the Ust-identifica- 
tion test) \j^s also better for subjects given thq unmixed Jists than 
for those given the mixed lists. Neither the misses nor false alarms 
differed for either type of list as a function of the external-context 
manipulation. The number of false alarms (4.27o) was identical for^ 
the mixed and unmixed lists. The misses for the 72 subjects given 
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None Same Different 



v.- External Context ^ 

FIGURE 17. l earning t)f the eight liiixeU and eight unmixed lists as a function 
ollhe externa] ct)ntext ( Hxp:>erinient ^4). ' 

the unmixed lists averaged 4.Q'/r; for those given the inixed hsts, the 
corresponding value was 9.17r (/'^ = 22.79). Roughly speaking, the 
subjects in the former group failed to recognize jt^t one of the 24 
old words,*wWle the subjects in the latter ^oup failed to recognize 
two old words. It should be noted that the deficit present in recall 
under C ondition MN was not present on the recognition test. 

List identification. On .the list-identification test/the 24 words 
(three from each isn were scranibled, and the subject was required 
to circle a number [< indicate theMist nienihcrship of each word. The 
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initialTesponse measure used was errors, there being a maxiinurn of 
three for each list under eaich condition:. The complete data are 
sftoWn in Table 5. The first step is to reduce these data to a more 
manageable level. An examination of the l^st column shows that the 
external context tasks had no influence on list identification for 
either the mixed or unmixed lists (F < l)/TherefQfe, this variable ; 
may be dismissed fromJurther consideration. In doing so, howeVer, 
it should be noted that, although the recall of the. subjects under 

* Condition 'MN .was less than for the other conditions, list-identifica- 
tion perforniance was equivalentltb that for the other two conditions 
involving mixed lists. 

The mean j^alues for mixed and unmixed lists show that, across all 

* eight lists, perforrn^e was better for the unmixed lists. For the 
first and last unmixed lists, list-identification was egsentially perfect. 
On the other hand, .with the mixed lists, the subjects committed 
about 5 0% effiorrofiTke^l^^^ 

of the. series, performance was only slightly better than chance, for 
the subjects having learned the. mixed lists. . / ' * 

We- had anticipated that list identification for the unmixed lists 
woiild reflect aU-or^none ^decisions by the subjects for the three 

, TABLES 
■ ^ iv^ean Number of List Identification Errors (Three Possible) 

as a Function of List Number and Condition^ • 
(Experiment 14) 



Condition 1 2 3 4 5 6 7 8 Mean 

UN .17 1.13 .2.08 2.21 1.75 2:i3 1.29 •.04 L35 

:.JJS :._ . .25 1.21... 1.75..: 2.08 1.92 .L88 . J. 63 ^13_J36 

UD .13 .46 1.83 2.13 2.17 2.17 1.08 .13 1.26 

V Mean: .18 -.93 1.89 ^2.14 1.95 2,06 1.33 .10 1.32 

MN 1.54 2.33 2.21 2-3^ 2.29 ' :2-:25 2.25 1.21 ..^.06 

MS 1.38 2.42 2.71 2.33 2.42 2.21 2.33 1.33 'T.14 

MD 1.50 2.13 2.33 2.38 2.38 2.50 2.04 1.33 2.07 

Mean: 1.47 2.29 2.42 2.36 2.36 2.32 2.21 2.09 
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^wprds that is, the three insfko^es of a. concept 

would all be assigned to the same list; hence, all would be correct 
or all would te incorrect. Of the 7 2 subjects who learned the unmixed 
: lists, 78% , showed this pattern exactly. The assigninents by the 
... remaining sujbjects suggested that they intended to follow this > 

: pattern but simply made a few careless errors in darrying it out. 
/ • One problem we had not fully anticipated was produced by the 
behavior af the subjects given the mixed lists.^These subjects assigned 
mor;^ words to the lists in the middle of tie series of eight than to 
the lists on the ends. It was as if they assigned -middle-list numbers 
Vhen in doubt. For reasons that are riot clear to me, this tendency^ 
T' differed somewhat for the, subgects in the three mixed-list conditionsi 
The central-tendency effect was most exaggerated in Condition MN: 
There the mean numbers of words assigned to the eight lists were, iri 
order, 2.46, 2.38, 3.33, 4.08, 3.83, 3.63, 2.42, and 1.88; The tend- 
ency was minimal in Condition MD, where the values were 2.83, 
2.75, 2.96, 3.38, 3.13, 3.46, 3.17, and 2.33. 

Various scoring procedures were used to make adjustments for the 
different number of assignments made to the lists. In fact, no sub- 

^ staritial changes resulted from these adjustments. The only clear 
effect was to increase by a small amount the number of errors for"* 
the lists in the middle, but thisan crease did not result in any clear 
differences in performance for the three mixed-list conditions. No 
conclusion was changed. Therefore, I will use the error scores as 
given in Table 5 to examine in somewhat more detail the differences 
between the performance on the mixed and unmixed lists. In Figure 
18, the error scores for the three mixed lists combined and for the 
three unmixed lists combined have been plotted to provide a visual 

— — picture of the influence of the semanticxontext: The Talues~are-giv — 
in terms of percent errors. 

It seems beyond doubt that for the unmixed lists '*first list" was 
associated with alcoholic beverages and "last list" with occupations. 
Some subjects also had knowledge of the concepts involved in the 
second and seventh list, but beyond this temporal coding was mini- 
mal. If the subject had knowledge of the list numbers associated with 
three or four of the concept names, performance on the remaining . 
lists would not be judged to be a great deal better than chance. In 
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FIGURE 18. Percen 
versusT unihjxed lists 



rrors on list identification as relafed to mixed 
anction of list position (Experiment 14). 



fact, it seems vQ2k< j 
mixea"~aiianjiSmr.ecd 
differences assr^atte ' 
the end lists .iffem > 
probabilities a ' 
context influa^j^s 



Ifii lo assume that the differences between the 
for theTTiiddlenfo^uFlisfs^ 
rr guessing. Given that temporal coding for 
^' rJxQ mixed and unmixed lists, differential 
^ messing automatically follow. Semantic 
ral coding for the initial and final lists, 



but beyond thi: uis kn! * = )-:^ce was of little consequence. 

It might be -um - iV.at the subjects having unmixed lists had an 
advantage over "^^^ adjects having the mixed lists. With unmixed 
lists, the subjecv r^'vyv that a single concepit was represented by the 
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>w»ds in a given list, and any one of the three womis could be usid 
xrsnake the decision for all three words; If a subjeii kne\v'that one 
wsstaWQ was in List 2, for exainple,* fhe other twc instances would - 
fcjfe^ along." I doubt if this happened: the mjl^or ^-nit of memory 
Ma: Ikfit . identification: wi^ the ^concept ^ame, nc : the instances, 
liiiis to s^y that.hii^ -dy a >J ngle instance of eat \\ onaiept been 
the results wooio not r icv^ chang^(d. Nor wc^ld ttte results 
v^^nged had the eight < .^^f ^tpt n^ims been given on tMe test, 
^ains possible, howe ver that the test given h^r the mixed 
^d have placed thest - abjects at a disadvan^|^^elative to 
the unmixed list3 Suppose that, on the t^Hfee subject 
3n eight groups of three words each, each groi^HlreSentinr 
from one of the lists. The subject is told that ti? .^^ree \yoBis: 
group were in fact in the same Hsi, In this casi f one oftnt 
j/ifd^was known to have -^^-^en in a particular list, Ui^^^other two 
lit^uM "follow along/' In retrospect, I rather believe l^t this pto- 
-daure would have been more appropriate as far as rr.aMSng the tests ^ 
eff.iif'^^alent for the mixed and unmixed lists. But if line reasoning is 
corrisct, such a test could only reduce the difference between the 
two lypesrof lists, thereby reducing the magnitude g ^ the effect of 
senii!3itic context on temporal coding. Also, it should be remembered 
th.T the two types of lists represented two extreme conditions: 
Ur- oubtedly, as a subject went about the learning of ihe mixed 
Us concept names were implicitly elicited, these names would be 
qu- ,e useless for temporal coding and may have prevented the devel- 
_or- ent of interrelationships within, a list, which woiiu occur had 
jii. Mht lists been made up of unrelated words. , 

r. r relational eviden ce. In Hxperiment 13, we Found at b est only 
^K evidence that the ability to learn the tasks was related to the 
-sia/ ishment of valid temporal codes. In general, the same conclu- 
SToM vas reached for the present experiment. For the unmixed-list 
c'- :Uitions, the correlations between number of words correctly 
fu-.died and the number of list identirication errors were -.09, .18, 
an- .15. none of which is statistically different fr^m zero. For the 
rv:7:ed-Hst conditions, the values, were -.37, -.36, and -.34. The. 
consistency argues for a reliable relationship. It may be remembered 
::at such a relationship was not found for the free-recall lists in 
r-xneriment 13. ^ o r» 
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S^ihriary 

would 
contexts 
lisss/Even if 
list that Ci 
would need 
tasics, if the 
I have argu 



'*^^ntexit taiip had no influence on teciK^onal coding. I 
fiteat taiei^Bs no apparent leason why t^fj^e external 
feM have iriMuenced the temporal coding 4l Tie word 
sts saidi to themselves, "Oh, that wora j: iom the 
gftit aflterthat mirror-tracing task," the^ 'si addition 
Sow rairror tradag came in the se^r^es of eight 

( was V. correctly identified with its hsu 
-lhat th' : truemagiritude of the influence of semantic 
;:^ coirtext on ^SOTj^tjrjil ^ding . is difficult to determine from the 
present data. 1?. a'OCS srj^ reasonable to conclude that ^^ffect was 
present, lasEL^-fimirVved h: the first two and last two lists. 
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The purpose csi^pe Wrn^nit 15 was study the ihfluenre cf seman- 
tic Gontexi csi mf^m- hv. ^:emporal crrfing- The subject was presented 



lists of 21 wcdis 
, presentatiij-L of a.: iisi. 
they^ere leqiiessttL 
each , pair- Of tief i^ti 
influence of senaarrL 
described wi:ih refss^^:^ 
The tw^o nar^t vo: 
respect te rhe :oir u\v 
pied positiDTi^ ' umz 



n single stiiay tiEal. Immediateiv after the 
rsiTs of words wen shown the 5ubjtfcts, and 

fhoose the most t . :ently pressnteai word in 
_-^irs, only one wis ^critical in evaluating the 
. untext. Tht^" lOgic q. the experiment will be 
:^ :o these cn^al pai: 

xi: in the test pairs always neuzral with 
isanipulation. These tvo worci alv -jys occu- 
• in the 25-word lists. ' jntext *>^as iniroduced ^ 



— by^-plaGing-jA>u^jyw^.f4a^ r^^-the-sama-^Qn^e?ft--eK^-ea t en ors* ^ ar euinK 



target word, writ: 
it.. For exEmplej. 
shoes wherr 
assumed th^ rhe 
implicitly eik/^><^l 



vn ^receding the target wcrd and :wc following 
c-nier would coats, socks, cxyz^n, pants, 
■ I vas one of thj two target wcrds. :t may be 
cc-zzivi name in this cas(^, clothing) would be 
r erul Himes and, therefore, would be more 
readily reme:^ ered ltj-ti would tht target word. The neutral target 
word may J?:f7ne aai. jiated with the concept name, if it does, 
there are two r /T '^mui i^ources of positioning information: informa- 
tion associated wra: the target word as such and information associ- 
ated with the Jnne?p=f name. Thus, joierely on a probability basis. 
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position information jnay be better than if the contei 
BDKJt present. Furthemtore, if both target words, were 
ffistSnctively different contexts,^the position informatioi 
the words should be enhanced, „ . ^ 

If conceptual context can facilitate acquisition of Jia*'«^n iirfor- 
mation for a neutral word, then it should be possifcHe:fe pmifflace 
interference with this informataori. If both target woods weiK sar- 
Tounded by instances, of the same concept, any.positivee!Wecrrf5)f ihe 
context would be neutralized ^ and position information \}?K)vmluhave 
to be based on information acpruing to ;the target wc^s j^se. . 

The above analysis determined the four basic conditiefe-cif lhe 
experiment: ^ 

Cbndition 0: No context around either target worx 
J- i iCqndition 1: Context around one of the target ^ord 
' . Caridit^ 2b : Different context around each tarset wjit 
Condition 2S: SS^e context for both target wokIjs 

The four, conditions- were represented ^y four indeBBSEro^mt :^oups 
of 20 subjects each. For each cbndition, the subjects ^'ert (paim 10 
successive lists. The first list givej^the subjects in the fissx jous^ons 
illustrates the differences in list structure for the fasr :onG0tions. 
These lists are shown in Table 6. It should be noteadiat t^is two 
target words (book and river) are the same for the four lists. In 
Condition 0, no conceptual content is presented fc- ^;::*ner target 
word. For Condition 1, four context words (kind - t^) are 
positioned by the first tar§pt word, but there is no rrmmx: ^or the 
second ta?get wjj^rd. For Condition 2D, both target voiri -i&set in 
-eanbeptual-conteX'ts~4>ut-^the-twG~G<:hitex^ts-are-4if^^ ~4^ds--of- 
cloth and birds). Finely, it can be seen that, for ConnriL^i':: 23, foilr 
instances from the same category surround each target ^ ^ . 



Method " 

List construction. Eight words from each of 20 difrer^nt catego- 
ries were selected from the Battig-Montague (1969) nar- s. In most 
cases, these were toe eight most frequently given res::c3ses to the 
category name. Th^word§ >from these 20 categories - ere used id 
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TABLE 6 - * 

ilkm^tion of the List^ Use^r^ t^e Fouf^. Conditnonsof Experiment n5 ^ 



i&ndltion © Condition 1 Coi^lioE 2D Coriditior' h-^ 





, — ■ 




engine 




czysier 


' OVisiil : ' 


oysten 






M i ■ ■ 111 ■ i ■ ' 1 ti 


, lorezcsai \ 








recitff 


Duascx 


sutin ' 




-£J. uSmfll * 


linpn 




Ivnst 










i pledge 


sUk 






9, teiescQpe 


• rayon 




rayon 


H). gttDSt 


ghost 


:HilOSl 


ghost 


11. monarch 


monarch 


xnqniirch 


mcTiarch 


12. algebra 


algebra 


aigetnx 


atebra . 


13. disaster 


•disaster * 


disastET 


disaster. 


14. meadow 


meadow* 


'meadow 


meadow 


'15. worm 


worm 


worm 


worm 


^6. party 


party \ ^ 


uiuebird 


cation 


17. caravan 


caravan 


nawk 


Ttpion 


18. (river) 


(river) ^ 




(iiiver)fl|tt| 


19, flag . 


flag ^ 






2D. dayligkr 


daylight 


eag:\e 


dacron^^ 


21. quart \ 


quart 




quart 


22. devil \ 


devil 




devil 


23. goblet 


goblet 


gob is t 


goblet 


24. charter 


charter 


ciiarter 


charter 


25. pressyre 


pressure 


pressure 


pressure 



Note: Critical test words are in parentheses; context words are in italics. 



jnpleraent the contex manipulation. A further 20 category nsanes 
were chose:i from the ^lOrms; from eacn :=et of responses, a -^ngle 
high-frequejicy word was chosen. T iese 20 words were used a: the 
20 critical -arget words 

The lists for Condition 0 were coTismicted fifst. As a firrr itep. 
thef 2£ cnncal target words were Ji^signed randomly to a anc 
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trs'-oce of the two position/s (7 Q>r 1 8) witliin the lists. From a variety 
^^satsrces, 230 other m^^^ w<cr^ bought together and were assigned 
" :2aBiDmIy to the 230'pDbC:ioa)s.remaij)infi in the 10 iissis. These 230 
^AG3H£s had varying frequencies iaii were of sever,al fcmn classes, A 
misti was riot used in. the podl if ir fit into one of the 40 categories 
" CO obtain the target v^DTds md context words. 

lisxs for-Conditi-QE ;-j^re constructed next. From the sets of 
^i&t instances for each : concepts. 10 were chcs^n randomly, 
5hen four words fer^^ch set were chosen ranc-^mly. For the 
iisiii 5or Condition 1, the y^r words from a concer, replaced the 
'atiiar Tieutiai words iorCaKisii;iOTuO around one of tiaraarget words. 
Tins, as may be seen in r.. the four kinds of clr were inserted 
13 Dojsitions 5, 6, 8, and ^ jr five of the 10 115^:. for Condition 1, 
U^- jrantext words were u^^x.: ar jund the second ^^^^ word, appear- 
— i ing i jr. p asttiens-4^4-7r-^ ^fi^4Ck-AGrQSs4Jie^.-u. ig^ f nr Cond i t ion^ 
L the context surrounded uar Jiarget word in pxjsition 7 or position 
.:^.^ fb5iDws: 7, 18, 18, 7, : 18,7, 18. 

in cccistructing the conte ..r::or the lists pf CoHintion 1, 10 of the 
cni2i::epts were used: In maci::^ up the lists for Candifen 2D, four 
tnstan:ss from ea^;h of the remaining 10 concept:: were: used to pro- 
yjd^ tie context for the IC laxget words not gr^ . :/nite>:: in the 
liHr^ Df Condition 1. Fin2_:*. for Condition 2ar f~ ::rr additional 
instiaiires of the 10 concer > usecj for the context * the^Usts of 
Coir^iiiion 1 wer. placed ar jurid the target words nc: ^rven context 
ni rendition 1. , . • ^ 

' \^dy ana test procec -ar All subjects were given a practice 

a-T'out all a5pects of v. ^~oce.:urc. Th-v were a^Ked to ^opeat the 
''gi_:r' of -he ir.struLTiun o i:ie expenmenter to dc ::jn: there was 
n\: misunasrstanu.i: as : - :iat wa.- ^r^eant by the rr. >- recently 
--r-.sentej wore u . v^^^ ~ in^ir... tions did nc^ .n^iude any 
.nf .Tnation abc-' - - of com:;:: ntually rela'.r vvords in the 

~Cr,e li5::> we~- Tres , -a ic thi sini:-: study tria :i: a 2-second 
-a: Immedia:.- at~-^* --^e ii^r word .r.; the list v..i:£ shown, the 
trinien:::^^! m-^^: :' :n- ^sst s^neet for r^at list to trnesubjrct. This 
mee: coni:iianeci -'^'e rair :f wz^rds, anc :ne subject " as rec ared to 
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circle the raost recently T)resenxeal mazd iri each pair. The oriier of 
the five pais on -the test sheer jsindom, as were the lefi^rigfe: 
# positions of the most recent wchxj in ttne pair. As soon as the mbjecr 
completed the unpaCed test for a fet. the nexL hst was presented, 
and the steps were repeated for ^ice serfiss of lists. ^ * 

Osris pair on each test sheet //-.as. oT course, the criiical test pair. 
However, the other test pairs wen^s r^u without interest for undei^ 
standing temporal codiiE aniL rheir characteristics will now ^ 
described. ^ 

1. Long lag. These pau^ ina^nid^ one word from neaj the be^- 
ning aif the list and one itom n^sr th^-jsnd of the lisl. These long-^ag 
p^ were separated by 19, 20 T - oi 12 other words. These words 
were identical for all conditions. Zaq pair tested from the first lists 
(Taiile 6) consisted of o>'5rer and aevzl, the lag being 19, 

Sr-Sher^-lagr T h e l ag-for^-thtser-jairs was G, lror2 .other words. 

and these test pairs wer^ idenricai fcr all four types of lists, 
two words wei;e always taken ifmm :3ear the middle of the isi, 
for example, algebra and monarch:: ironj the first iistS; 

3. Witinin. Within refers to recracy tests for two words from the 
^same conce3)t. The lag ^las three:, and always involved words from 

positions 5 and 9 or positions 16 Jiad 20, with Gve from each across 
the ten lists. Of course, for Condition 0, these tests could ho^ invoive 
two words Irom the sarrre concept, but the test for words in cor- 
responding positions for rondition 0 served as control rests for the 
influence of concept .enxirv cti recency judgmenis. For ine lists 
in Table 6, the 3J5t pc t:^ for CondiTior 0 wgjs Telescope and butter. 
and. for all other lists. \::v^ pair was •^ayon md satin.. 

4. Between, Between »^tV^ '3j(0. recency tv- o^wojds; Immg 
a- lag of 10 and bom fiiHing within thi positions occupied by the 
context words. The test .or-^.. came Crirm thither posrrions 6 3nd 17 
or positions 8 and l -. t ^' si beinc .ised for five lists. Ag:--^.. the 
tests r^ay be illus? dt±r lum rne lisis given in Table 6: Ccriiriiorj 
Oi c::rcr;an xrd bx'\ni \ C -tdii:on . . ^zravan and linen ; Cor:ritirT 
2D, har^y-i: cna h -r-i: l. ;-,:diti.n 3. f: fon and l:nen, The:e tes.o 
allow ::oCTaiisan rec::racy judgmenfis tor two words wit: a Ltg 
of 10. when bor. c^3t wcrds are f^om rrti same concept or are from 
cSifereni concepts, >udgm]Rnts of. me n~rtral words with a lag rf ' 0 
^HDm Camdition 0 provide a control oaserLae. 
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Results 

The mean numbers of correct recency judgments for afl item types 
under each condition are shown in Table 7. Because each mean is 
based on 10 tests, the values may be changed to percents by moving 
the decimal points one place to the right. 

The results for the critical test pairs sre given iii the first row. 
Although the mean the control (Condition 0) is lower than the 
other three means, statisticaUy, the. differences among Qie four 
means were not reUable,- /^(3, 76) = 130, p > .05. Even the largest 
difference (Condition 0 versus Condition 2D) was not reUable 
statistically (r = 1.82). Thus, although the ju^ents were correct 
about 75% of the time, the semantic cantext had no rafluence on 
the recency judgments for the pairs of neutral target words. 

Table 7 shows that judgments for long-lag garget pairs were Jar 
more accurate than for short-lag pairs, the latter beiHg only sUgHtly 
better'than chance. The short-lag pairs provided further information 
of interest to which I will return at a later point. 

An examination of the results for the/within- and bet)^en-item 
types shows that they are a little compieAand it wiU be wel to look 
at the statistics of the matter initially. Wh>n the four withiia measas 
. were tested, the differences just met me .05 level of sigmficanoe, 

TABLE? 

Mean Correct Recancy audgmerts for Coraii tions and Iteirv Types 
(£xperirTnent 1 5) 



Conditions 


Item types 


0 


1 


2D 




Mean 


CriticsL 
Shon lag 
. Long 
Within 
Between 


6.8C 
5.7- 
8J- 
6.2s.: 

i,cl6 


7.65 
5,3C 
8.35 
7.6D 
7.50 


7.80 
5.60 

8-75 
-^.60 
S.70 


".25 

:-.i5 

7.70 


738 
5-54 
8-60 

7.15 ' 
■7 .73" 


Mean; 


6.86 


7.2;B , 


"--69 


7^28 
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F(3, 76) =^ 2.80. The difftrence among^the four nieans for the 
betM^ type .of tests was also reliable (F'= 3.32). However, when 
both/ types of items were iji61uded in an analysis, the interaction 
between item types and conditions was far from significant (F = J .33), 
althcnighr both main effects were reUaW^^^ • 
' There are two facts froni the above tests that are judged to be of 
systematic importance. First, in the within tests, perform^ce was 
enhanced when a recency judgment was requested for two test 
words &nm the same concept clustisr (Condition 0 versus the other 
three coaditiohs): I believe this finding can be best understood in 
terms ofi^erial learning. It i? highly probable that a subject rehearsed 
" the-iclusttr of four related words in serial order, and the first word 
was usiiaily known to have been the first word in the cluster. Given 
this knowledge, the fact that performance under Conditions 1, 2S, 
arid 21D was s uperior to tl^e per formance under Condition 0 w'^ld 
be^anlicipated; ~ '—^ ^ — '— = — : 

^ The second fact concerns the between type of test iterti^. Per- 
•formance Under Condition 2D was far better than performance under 
Condition 0 (r = 3:09), This must mean that *the two concept clusters, 
occurring in different sections of the list, facilitated the temporal 
coding of the instances of the cdnpepts. That is, semantic context 
aided temporal coding for the words making up the context. The fact 
that interference was not observed in the between judgments for 
Condition 2S is taken to mean that the two clusters made up of 
instances of the same concept must have had ordering labds associ- 
ated, such as first and second occurrence of instances ofthe same 
concept. * ^ ■» 

Changes in performance across the 10 lists were^xamined in 

--r-eetail^The-only consistent finding that- emerged Involve^^ 

lag tests, where performance on the first five lists was at a chance' 
, kvQl (50.8%) but increased to 60.0% on the last five lists. The short- 
Jig telsts included five teslP^ of zero lag and five tests of pairs having 
lags of 1 or 2. The change in performance between the first five lists 
and the second five lists was examined separately for the zero lags 
and for the lags of 1 and 2 combined. The former increased from 

: 45.6% to 62.5%, the latter from 54.2% to 56.3%. Overall, the per-' 
formance was essentially equivalent for lags of zero and for lags of 
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1 and 2. This finding again suggests that serial learning may provide 
vaUd infonnation for recency judgments. Whether the mcrease m^; 
. performance over -Usts for pairs with lag zero was due to an mten- 
tional strategy of serial learning is not known. . , 



Summary 

The within-list manipulation of semantic conteif produced no effect 
on the temporal coding of the neutral target Nvords. This was true in 
spite of the fact that there was evidence that the concept clusters 
aided the temporal coding^of the instances of the concepts within the 
clusters. The fogic of the Experiment leads to the cp-nc usion that the 
neutral target words embedded within the concept clusters did not 
become associated with the concept name. If suc^h associations were 
established, the subjects.did not use this information m making- 
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The final experiment to be reported had two purposes. I" Chapter 2 
it was pointed out that no studies on within-list temporal codmg of 
^ erbd event have been donein which the number of ^iff-e^^^^^^^^^^ 
falling between two targets was the independent variable. Of course 
the usual lag manipulation represents a variation in the number of 
different events, but such manipulations are gonfounded with the 
tme tlne between the targets. The first purpose of Experiment 16 
w^s to keep the time between Tl and T2 constant while varying the 

--Imber of cfiTferent verbal events which occurred between them^ 
BaScaUy, this is a manipuiatio~n-of event frequency to see if recency • 
and lagiutlgments are influenced^thereby. . r 

■ One of Z classical findings of research on the judgments of the 
duration of short temporal intervals is that an -nerval fil ed w h^^^ 
' activity- is judged to be shorter than an equivalent unfilled interval 
Loosely speaking, filling an Interval with many o'^---- 

^%ame . event wouldltorrespond to^n unfUled interval, and filling an 
Jerval with many ^different event$ even of the same class, could be 
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a filled interval. Whether the analogy is appropriate, is 

i^ ,: clearly debateable. In any event* in the present experiment the 
liiuhber of different words falling between Tl and T2 within a list 

^;f. was: the independent variable, there being three levels. Using , the 
word repeirt/io^ to indicate miiltiple occurrences of any frequency, 
we may speak of the density of repetition as the independent Vari- 
able, arid, in the present experiment, the three density levels will be 

- called low, medium, and high. Following the presentation of the list 
for study, the subjects made recency^judgments for Tl and T2, fol- 
. loweci by a lag judgment. The empirical question is whether .these 
• measures of temporal coding will change systematically as a function 
of the denaty of repetition of the wqrds falling between Tl and T2; 

The second purpose of this experiment was . to study the inter- 
relationships among performances on three different memory tests 
I taken after the study of a list. The memory tests, in addition to the 
temporal tests, included recall tests and frequency-judging tests. I 
•have elsewhere, discussed the potential value of tests of individual 
differences in theory formulation (UnderwQpd," 1975). In the initial 
stages df our studies on temporal coding, we attempted to implement 

; this approach.. Two experiments were, done on what we have called 
the integration of discrete units in recognition memory, when the 
units were presented at different points iii time. For example, the 
two words toothbrush and heartache Were presented at different 
. positions, in a long list. On, the test, the' subjec-ts decided whether or 
not the word toothache had been presented in the study list. It 
had not been presented, of course, but could be derived from the 
elements (tooth and ache) of words actually presented. It seemed 
reasonable to presume that the likelihood of a subject accepting the 
derived word (a false alarm) would be related to the separation (lag) 

~of-the two- inducing words in the study list.- If this were so, we - — 
reasoned that subjects^ with good temporal coding would produce 
fewer false alarms than would subjects with poor temfJoral coding. 
The test of temporal coding that we constructed at that tiJne was 
reported in this book as Experiment 2 (Chapter 1). As Was noted, 
we \yere unable to demonstrate reliability in our measures; hence, we 

y were unable to proceed with the plan. As it turned out, the lag in the 
recognition studies was not a relevant variable anyhow, and so the 
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„ -entire appjioach was completely;' aborted. The recognition bata are" 
presented elsewhere (Underwood, Kafelak, & Maffiii, 1 976). 
. In Experiments 13 and 14,' learning measufes were at best only 
^ rnar^ally related to between-Ust temporal coding. . In the present 
study, we are asking about the relationship for within-Ust measures, 
with the recency judgments us^d as the index of temporal coding. If, 
as we were be^ning to suspect, recency judgments were based on 
: v -;"^^^ of associative learning, a relationship between recall 

' and recency judgments should emerge. If the density variable .was 
found to imfluence the recency judgments,, the magnitude of the 
effect amoi^ subjects may be related to the accuracy with which 
indivifluals perceive frequency differences. 

Method / . 

The task grvra the subjects may now be described. They, were pre- 

"—^s^raTisrofn^w&rd triadsi:^:g77-o«g^ 

study trial at* the relatively slow rate of six seconds per triad. Two of 
tile 18 triads constituted the critical ones (Tl and T2) for deter- 
mining the effect of density repetition on recency and lag judg- 
ments These two target triads always had a lag of seven;, they were 
separated by seven other triads. The density of repetition varied, 
among the words used to construct these seven intervening triads, 
the number of different words being 19, 14, and 9 for low, medium, 
and high density of repetition, respectively. The fully instructed 
subjects were given 10 experimental lists. After each list they : ( 1) 
m^de recency and lag judgments on two sets of two triads each (the 
critical target triads and two others having varying lags); (2) made 
frequency judgments for three single words, with true frequencies 

beiiig-0r-l--2T^, -and 4 when- tests acrj^ss aU lists were^considered^ 

and (3) -tried to complete a triad by recalling the missing word 
when two of the words were used as cues for recall. 

List construction.^ The manipulation of density of repetition 
between Tl and T2 produced a difficult decision because of a 
■ potential confounding. Consider the difference between high density 
and low density of repetition among the 21 spaces in the seven triads 
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falling between Tl and T2. If density is varied only among these 
triads, and .^^^^^ constant among all others,-- then^ of necessity, the 
total number of different words in the lists would vary, A proper 
solution would requife (at the minimum) an orthogonal manipula- 
tion of the density :of the seven, critical triads 
betvyeen Tl and T2 and the density of . repetition among the triads 
outsade the seven crit5(?al ones! Because I did not choose to unfdertake 
m ^JiplrimQnt of this magnitude without hsiving some feel for the 

- effects bf^he Vdcpendent variable, I decided to live a little danger- 
^ ously. The number of different words in all lists was kept constant 
for all conditions. With the condition of high density between Tl 
and. T2 (List H), therefore, the density of repetition among the 
other triads w|s low. When the density of repetition between Tl and 
T2 was low (List L), the density of repetition among the other triads 
was high. It was hoped that the results for the condition with medium 
Qfinsity of repetition (List M) between Tl and T2 would be of such 
nature as to help decide the source of the density producing differ- 
ences (if such differences did indeed occur). In List M, the density of 
repetition was the skme thoughout all'sections of the list. 

The practice list and each of ffie 10 experimental lists contained 
18 triads (54 spaces) made up of 40 different words. A total of 446 
five-letter words was selected. Of these, 421 were all of the A and 
AA words listed in Thorndike and Lorge (1944), except for con- 

•* tractions. This list was prepared by my colleague, Carl P. Dtincan, to 
whom I am grateful for its use. The remaining 21 words had_frequen- 
cie^ of 40-4"9 per miUion. Of^the 446 words, 440 were required to 
construct the 1 1 lists. The remaining six words were used as new 
words on the frequency-judging tests for six of the lists. M\ assign- 
ments of words to function, list, and position iji ^pids were done 
randomly. The only restriction was that a word could nbt occur 
moTQ than once within a triad. Repetitions, therefore, always occurred 
among triads. 

Within each list, there were at least eight unique triads; in that 
each word in them occurred only once in the list. Two of these 
. eight unique friads occupied positions 1 and 1 8 (^macy and recency), 
and iwo were used as Tl and T2, These four unique triads had 
identical functions across all three types of lists (L. M. M). The 
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positions of the four remaining unique^ triads differed for the* three / 
- types of lists, as will be described shortly. The unique triads, including 
primacy and recency triads, were used in recall tests and. recencxr^ 
judgment tests. / ^ / ^ 

It will be helpful to ej^amine t^^ The first experimentalists 
of the three types are.shbwn. in Table '8. T construction of ftst L 
will be described first/'T^^ eight unique'triads were first placed into : 
position; these included the primacy and recency triads, T 1 and T2, 
and four others falling in the seven positions between Tl ^nd T2. 
Then, a single word (about in Table 8) was positioned three times in 
the remaining nine vacant spaces of the 21 falling between Tl and 
T2. The remaining six vacancies were filled by six different words. 
Thus, between Tl and T2, 19 different Words occurred, of which 
18 appeared once and one appeared threet^imes. It was an intuitive 
belief that, for List L, the seven triads between Tl and T2 should ^ 
not have zero repetition; thus, one word occurred three times. 
As a fmaj step, the remaining nine words (of the 40 required for the* 
list) were used to fill the 21 spaces in the seven triads occupying 
positions 2, 3, 14, 15, 16, and 17. In doii/g this, twd words were 
used four times each, two words' three times each, two words twice 
each, and three words once each. This provides a high density of 
repetition among the triads, which occurred before and after Tl 
and T2. 

List H was constructed by simply moving the triads of List L. 
The triads in positions 5 through 1 1 were moved to positions 2, 3, 
13, 14, 15, 16, and 17, and those occupying the latter positions in 
List L were moved (o the positions between Tl and T2. List H, 
therefore, has a high density of repetition between Tl and T2, with 
a low density among the triads occurring before and after Tl and T2. 

A slightly different method vv^. used jn lhe. construction gyf y^ 
The primacy, recency, Tl and T'2 triads were- exactly the same as 
for the other two lists. The other four unique triads were positioned 
so that one occurred in the positions before T 1 , one in the positions 
after T2, and two within the seven positions between Tl and T2, 
This left 10 triads (30 spaces) to be inserted in the list, with five of 
the triads being between Tl and T2, and five before T 1 and after T2. 
The 16 remaining words were used to fill these spaces, with two 
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^ >TABLE 8 

The First Experimental ListVor Each of the Three Conditions of 
Experiment 16 



List L 



List M 



'L ought-climb-funny 

2' match— table— fresh 

. 3. fresh—shore— match 

4. thick-checksmall 

5. earth— sharp— about 

6. about— flock— event 

7. throw— clear— treat 

8. plain-cause-about 

9. enter— scene— watch 

10. humor— aside— sugjar 

1 1 . never— bless— toothX. 

12. cany -round -empty 

1 3 . awake— early —grief 

14. match-shore-fresh 

1 5 . match— shore — grie f 

16. awake— chose— steeU 

17. shore— awake— chose 

18. under— field— linen 



ought-climb— funny 
shore— match— fresh 
flock— scene— event 
thick- check -smtill 
treat— flock— watch 
awake— chose— grief 
humor— event— treat 
flock— aside--throw 
t^ble— early— steel 
plain— Sugar-clear 
event—throw— enter 
cany -round- empty 
cause—never— plain 
event— clear— enter 
about— earth— sharp 
bless— flock— cause 
throw— tooth— clear 
under— field-linen 



ListH 



ought-climb— funny 
earth— sharp— about 
about— flock -revent 
thick- check small 
match-table-fresh 
fresh— shore— match 
' awake —early —grie f 
match— shore— fresh 
match— shore— grief 
awake— chose— steel 
shore— awake— chose 
cany - round- empty 
throw— clear— treat 
plain— cause— about 
enter-scene— watch 
humor-aside— sugar 
never— bless— tooth 
under— field— linen 



Note: The critical target items. TI and T2, are in italics. 

it 

words occurring four times each, two words three times each, four 
words twice each, and eight words once each. The result was that' the 
density of repetition was constant throughout the list as a whole, 
with the average number of words (across lists) used in the triads 
between Tl and T2 being 14. Thus, Lists L, M, and H haU 19, 14, 
^n.d_9^ different words, respectively, falling between Tl and T2. 

For the lists in Table 8, Tl and T2 occupy positions 4 and 12. To 
avoid the remote possibility that the subjects might learn to expect 
a recency test for the two triads in these positions, positions 5 and 
13 and positions 6 and 14 were used for Tl and T2 in other lists. 
This was randomly determined. Positions 4 and 12 and positions 6 
and 14 were each used in three lists for Tl and T2. and positions 5 . 
and 13 identified Tl and T2 in four lists. 
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Tests. Recency tests (and the corresponding lag judgments) and 
recall tests were always conducted using the unique triads. For the 
recency tests, Tl and T2 were always tested, of course; In addition,, 
two other triads were used to form a second recency test for each 
list. The lag for these varied from list to list across the 40 lists and - 
also differed for Lists L, M, and H. Three triads were used in the 
recall tests for each Ust; hence, a total of 30 correct res^onses^ w^s 
possible. Frequency judgments were made for three words in each 
list (in six lists, the third word was a new word). Across the 10 lists, 
the 30 judgments were made for six words at each of the five fre- 
quencies (0, 1,2,3,4). 

A test sheet was given the subject immediately after the last triad 
was shown on the study trial. The tests on the sheets we^^lways in 
the order o/ recall, recency and lag, and frequer/^, H^^er,' the 
subject could make the decisions in any order he chose. For the 
repall tests, two words were given, with a blank identifying the missing 
word: noise- -stood. For the three triads tested aftei; each list, 

the missing word occurred once in each position. For the recency 
tests the subjects were asked to circle the most recently occurring 
triac and then to circle a number from 0 through 1 8, to incicate the 
ISg "he order of the two triads on the tests varied randomly. Three 
wo:^- A^ere given for the frequency judgments, with the subject 
req ... :'d to circle a number (O/l , 2, 3, 4) to indicate the number of 
tim:" -ach had occurred. 

T e tests were unpaced, but a maximum of 2 minutes was imposed 
to prevent the subjects from spending an inordinate amount of time 
tr irig to recall the missing words. It should be noted that the tests 
tor a list never involved the same words or the same triads; that is, 
the words in a triad given for a recency judgnjent never occurred in 
either the recall or frequency tests. For some of the recall tests and 
for some "of the noncritical recency tests, the primacy and recency 
triads were used. In effect, then, the subject could expect to be 
,e.,ed son,e ^...^ ,0, words fro,„ every ,„ad in .he lis., ^ 

Procedure and subjects. Complete instructions concerning the 
nature of study lists and the natu;^^ of the tests were given before 
the practice list. The subject then repeated the gist of the instructions 

,1 4 U 
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{to the experimer r Alter the tests on the practice list, any further 



"T^qiiestions werOnisfe and tfi^study trial for theTirst experimental 
v ^list followed/ The ^^ilftire procedure required about 50 minutes. 

Three groups' oi >^(! subjects each wei^e assigned to the three lists 
y by a block randoin^ / 



Results 

Critital target words. Each subject ma.de 10 recency judgments 
for Tl and T2, these target triads being identical for the three list 
types. The mean numbers of correct judgments were 7.25, 7.75, ^d 
8.05 for Lists L, M, and H, respectively. These values suggest that 
correct responding increased as the density of repetition between 
Tl and T2 increaggd, but the effect lacked statistical reliabiUty, 
F(2, 105) = 2.36,. p'> .05. Although it is remotely possible that 
contrary effects could have been produced by the reciprocal density 
(as discussed earlier the most reasonable conclusion seems to be 
that the repetition anable was of little consequenc ^ :)r the recency 
judgments. 

The true lag fo- 
judgments were 
tively (F< 1). Ti- 
the repetition var 
judgments and 
judgments did r 
The. lag judgme : 
largely confined 

The lag judgir 
have l?een exam: 
conclusions: The 



and lag judgmen 
lowing facts have : : 

4. The standarc 
lated for each sul 
for List M si.i 
Individual lai -zri 
allowed the ^wX'-:... 



he Jritical target words was sever.. The mean lag 
3, .54, anc: 5.5 2 for Lists L, M, and H, respec- 
iudgmer . were obviously not influenced by 
An ex^":^ination wals -nade of the recency 
tag judgr^nts from lis; o list. The recency 
- .jage in any systematic wlv across the ^10 lists, 
acrt^ased a sn^ali amount, the increase being 
"irst three lists. i 
id recency uugments for the critical items 
: Several and all point toward two 

^\rt^> -had-o nl; a va gue- n oti o n o f the tru e4^r~ 



Linrelatec ro recency judgments. The fol- 
\ lese conclusions: 

prions for the 10 lag judgments were calcu- 
To illp-ratc he outcome, it was found that 
iidard de ^i\<^/: aried between^. 9^8 and 4.03. 
■ ariec etwe-ii zero and 1 8, the two extremes 
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2, Lag judgments were essentially equivalent for coijBpt and^ 
~Tn5ofrect recency decisioin^t^ ' ' ] ~ 

3. On the sixth list, T2T^>ccunlng as the thirteenth triad) con- 
. sisted of upp.er'btrth'lover. For whatever reason, salacious or other- 
wise, 106 or the 108 subjects gave a correct recency judgment for 
the pair of triads. For the fifth .list, only 7^ of the 108 subjects* 
made a correct recency decision for the crijical targets. Yet, the 
mean lag^udgments were alnfost identical for the two cases: 5.95 and 
5.96. 

• 4. The m^an deviarion of the lag judgments P^nv jhej rue^l^ 
for each subject was correlated with the number vjcecfreSerJ&y^ 
judgments. For the three lists the correlations Vi- :3, .17, and 
-.23. 

Other recency and lag judgments. The subjects tz^^ recency 
and lag judgments for 1 0 other pairs of target tnads. Scr: ■ of these 
triads had occupied the first or last position in the list. an:, the lags 
varied from 1 through 14. For all of the lists cc^.oine^. niean 
number of correct recency judgments was 8,09. eac:. ^u^iect a 
.'rank-order correlation was calculated between tru- iiii -oiL -.-amated 
lag for the 10 tests. Of the 108 correlations, 8: w-:- p: - and 
27 were negative. The overall mean correlation wa:: -tile 
reliariy different- from zero, does not indicate a ^ ?r>' rrjzr.ual 
relat.: nship between true lag and the lag estimates. 

F.^ca//. Each subject had the opportunity to recall 30 w r::.. The 
nuuioer recalled varied between 0 and 28, with a mean y" 0.\6 
(33.9%), The three groups did not differ r.elia:-v ^^^^^ locus :i z:\t 
missing word (first, second, or third posir:on in riad) did not 

4r^ueace-X££alL Itie values being.31.5i 32.8 , and 3 . L^sjpectivejy,^ 

for the three positions. An analysis of recall as a iunction of the 
^ position of the triad in the series of 1 8 showed there o be nopnTnacy 
effect. The recency effect was limited to the last tn^^ 

Frequency judgments. The subjects estimate, ne rreqyency of 
30.different words, six at each of the five frequenc eveis (0, 1,2,3, 
4), They were required to restrict their <;stimatL" to the values 0 
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-riidJthrough 4. OveralJ, the judgments showed the usual pverestimation 

:^^^:\ between true and estimated frequency - ' 

V. for the 30 words was used to reflect each individual's sensiiivity to 
X:i^fteq[x&[i^ differences. The, mean correlations were ;69, .69; ancl .'66 . 
r^;:j jfor Lists M, and H, respectively. Only one of the 108, subjects 
• had a negative correl^ion.. ' / ' v 

Correlations a^mong tasks, Jt will be remembered thai: each sub- 
ject made 20 recency Judgments, 10 on the critical targets and 10 on 
targets having varying lags. We had hoped that reliabiizry of the 
recency judgrnents could be demonstrated by correlating tne number 
of correct responses on each set of 10 judgments, although, we 
n'ealized that chance factofTlirtKeTwo^clioice deasions^ colud Wake ^ 
this troublesome. The correlations were positive, but low (.28, ,34 
.07, for L, M, and H). Nevertheless, believing that summing the 
number correct for both sets would reduce the role of chance factors 
HI the individual scores, .-r proceeded to determine the correlations 
across tasks^ As indicated ^he total correct for the recer cy judgments 
was used as one meas'^e ""he other t'^: treasures were total recall, 
and the product— rrGr: :ir orrelations m^-ulated from :Jie frtqaen 
judgments, fiach r zht indivic^ia] -^tiations transfcrmerc 
to a value before cah Jating ^ ations f u ihe frequenc> 
Judgments across tasks 

Initially, the correlate ;s among the :res on the three tasks were 
determined for each list. These correlations were then transformed 
to the z' measure, averaged for the three Mstsj and then retransformed 
to r. The correlations will be given for :.^ach list in the order of L, 
M, and H, with the average correlatioi; in parenthesis: recency x 
. recall, .70, .56, 34 (.55); recency^ frequency, .37, .60, . 27 (.42); ^ 
" recall X frequency, .58,~737TZJT^ 55)7THesellata support tne conclu- 
sion that within-list recency judgments are mediated by attribute's 
that are related to those involved in recall and in frequency discrim- 
ination, particularly the former. It seems fairly certain tiat given 
more stability in the recency scores for individuals than was true in 
the present data, the relationship between recency scores and recall 
scores would be high. 
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ipiscussion 

The independent variable, repetition density, had no clear effect on 
recency judgments. If, as the cumulative evidence? is beginning to 
suggest, recency judgments are based on associative learning-, then 
perhaps the repetition density would ndt be- expected to be of 
importance. I will leave toi^the tisxt cha^r some speculatioiis as 
to how associative leamiri^Ria^ :nediate recency judgments.* It Was 
probably more reasonable To be-aeve that repetition density would 
influence lag judgments more than it would, influencr recency 
judgments. But, again. i±e cumulative evidence is poini-ng to the 
^fact that li^ r:.:gmer':: ^e largely guesses; lag judgmenis cannot 
be jiandle d ynr: any d egree of nreci sion by th e mem or attributes 
avaifable tz ihe subject: 

SUMMARY ^ 

The description he 16 experiments designed to sti ay factors 
influencing temp coding is compj.ete. It seems tha a ghastly 
:iajt)ii afflicts rr >ir experimental -^^Vchologists sfis thty prepare 
:heir manuscrip . T lese manuscnpts are**^^usually sprinkled liberally 
to use a cliche v :th the most deadening batch of chches ever 
ised m^mmumcav ns among reasonably intelligent people. Some 
examples: (1) ''More research is needed"; (2) 'The results are more 
complex than anticipated' (3) 'This is a progress report": (4) *The 
exploratory nature .)f Vv. -xpenment is obvious"; (5) *Tuture 
experiments shoulc iarir the matter." I herewith declare all of 
these CO be appropn. J^for the experiments reported here. 



0 




EKLC 



6 




In theory, it v^ould^e^y.all research has a natural, or logical ending, 
namely, that point al wMch the xmdersta^iding of a phencmenon is 
xomplete. In practice, there is no end to research; there are only 
pauses. Solutions for nature's puzzles occur, at a given level ^f analy- 
sis, and, after a pause, the work -noves m nevr directions of to dif- 
ferent levels of analysis. 1 rather doubt thai any scientist ev= ■ became 
unemployed because his understanding of a phencmenor vas com- 
plete or total. 

A pause in the research represents the natural point fo: the iinal 
— s t ag e o f- any m alor -research— eiibrt, that of jnaking the f indizigs 
public through the writtenN^repcrt. Yet, for many reasons (not J 
of which are easily defended), rr-search is frequently published ev-:n 
if it has not reachec a logical zoint of pause. Sometimes we ev n 
commit ourselves to . report ^re we know fully about the charac- 
teristics of the data upon whicr the report is to be based, i menticn 
these matters to reveal my awareness of the fact that a pause, rat^ -t 
than occurring as natural or Ic deal : nding tc series oP studies, is 
sometiines reluctanth declared. . 

This final chapter will be concerned first wi :h a summary of the 
basic findings in the three areas of temporal ending that have been 
identified: within-list, between-Iist short term and between4ist in 
the long-term studies using the proactive inhibition paradigm. These 
summaries will be interwoven with: (1) a discussion of problems and 
issues that seem to be associaced with differences in methods of 
studying temporal coding; and ( 1 ' v ome xpidna:or> n-.^tions. 



WITHIN-LIST TEMPORA - CODING 
Metnods arid Findings 

Three sets of operations have b.een used to measure within-hst 
temporal coding. First, a list of words is presented for a study trial 
after which the subjects are asked to identify the position held r>y 
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each item on the study triaL Expermtfr :s 4 and 5 used this niethod. 
Secondy-after a H^t f^rP.^ed Jo: yludy^ tM^^^^mm^m^ 
pairs of words from the iisjt and are a:.xced to choose the most recently 
pccurring word in each palir. In the present :eries, Experiments 2. 11, 
' IS, and 16 used this method, which I naive called the discrete-list 
taetho.d/In the third procedure the continuous-list procedure,'the 
Subjects are shown a long series of v oids and, periodically during 
/the showing, are asked for recency judgments on pairs of words, 
/ This technique was not used in experiments reported here. In the 
second and third methods, lag judgrni^nts may be reque-ted in 
addition to, or in lieu of, recency judmiente. 

One might think, as 1 did^onginalW-nat these methods must be 
at least roughly equivalent for the pu^ose of measuring ^-mpor2u 
coding- Having completed the studie^ md having examined the 
results they produced m conjunctior vith the results . other 
■investigators, 1 3jn forced to conclude thai ' was somcw^i naive 
about the matter? 1 should have known bette- Having r rzn tramed, 
in a functionalist atmosphere. 1 had no reason to for:^.:: the oft- 
repeated dictum. "The mftuence of an mdeoendent vunable may 
vary as a function of the methods used to .ivestigate it." It now 
appears to me that one of the central probltn s that emerges Is that 
'these methods do not always yieid equivalent estimates ot the effects 
of some independent variables. M '^lil review .some c- ^'--^ ' Jt^nce 
leading to this ct^rclu-.on. 

I have earlier jescrDed the first pr — ti When subje.. . . ..ed 

to make position juaiiment> of indiMdL.ii words after >. /-u "- is 
giver lor ^tudv ther decisions sho lear relationshir v. -'^' Tue 

position. However, v,. len pairs oi w -d .re taken from ".e and 
lag judgments requ.'.ied. no relai. is; - is evident '^t-j v--. the 
juilOTients and true .:ig (Hintzman. mn'-.-s.& Block, i^)"' r -o- 
jects had knowledge that allowed nien \o make reli^Te no- : :>n 
judgments, why cannot they mak. rei.^lc lag judgments 
con^^tely, if they could with some accui.. , identify the posi: - 
Tl ami T2. v^hy cannot a ditTerence score -^e derived to iii^r 
judgment? 

ObvlOu^. subje- not seen, to ' " ' trans.ai- '^>^ -^^n 

intormati ii for iv. itei)is into iau inU ^ ^ n to be jsK K)ut 
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V the number of other words which fell between'Tl and T2 rftust mean 

held in the list. In<:onjunction with this problem, it should also be 
/ remembered that subjects do not operate logically with regard to . 
, lag judgments. Logically, if a subject doesn't know whether Tl or 
T2 Wjas most recent, it would be proper to assign a short lag. That is, 
it would be. logical if t|:ie' subjects "believe" that lack of valid infor- 
•matioa for making a lag judgment is because Tl and T2 occurred 
close together. Either they have not internalized the presumed 
positive correlation between apparent recency and lag or, if they 
have^ realize it is fallible, 

A second prl^lem arises because of the lack of relationship 
J between lag and lag judgments in our studies. It is true that our- 
^experiments usually showed a slight and statistically significant lag 
effect (Experiments 2 and 1 1), buA,to find that the subjects could 
' * not iijipro^ lag judgments over trials malces it highly likely that 
> the small lag effects are the result of correlated information. For 
example, in Experiment 16, there was a positive correlation between 
lag and lag judgments for noncritical items, but it seems possible 
that this was due to primacy and recency information for the list. 
Lag and lag judgments have b^en related in the cor^tinuous-list 
procedure when the judgments Were made for repeated items (e.g., 
Lockhart, 1969). In Experiment 1 1, repeated words Avere used arid 
a slight relationship was apparent, but again there was no increase in 
— the relationship across the three trials. Small effects have also been 
found for repeated words in the discrete-list procedure when the lists 
were long, but no effects were found for unrelated words (Hintzman, 
Summers, & Block, 1975). I think it becomes -clear why I now lean 
toward the position that, in the experimental situations with which 
. we work, lag judgrhents are siigply^ not appropriate for indexing 
temporar^odmgTTTeSnct thisT6~n>"e^exrp enrnehtal situationDtfcause" 
the evidence from Experiment 1 showed that, when lags are measured 
in months for naturalistic memories, lag and perceived separation 
^re related. >^ V ^ ^ 

' The relationship between lag and recency judgments also seems to 
depend upon method; correct recency judgnlsnts in the discrete 
within-list method are not importantly determined by lag length. 
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Again, in Experiment 2, there was a slight effect of lag-on' recency 
Jydgrnents; in Experiment 11, this same slight relationship was fourtd . . 
:far!^omerol^1±ne^condi 

ments on the crit^al items of Experiment 16 indicated that recency 
judgments and '1^ judgments were unrelated , and that the latter 
judgments were largely guesswork. On the other hand, in the con- 
tinuous-list procedure, correct recency decisions clearly have been', 
shown to increase as lag increases. For examjple, Galbraith (1.975a) 
found this to be ^ffue with subjects from the third grade, frbm the 
sixth grade, and from college, for both words and pictures. 

Thus, it appears that there are several problems posed by factual 
disagreements, which apparently , result from differences in the • 
methods by v/i^ich the facts were Recorded. In order to see if some 
-xesolution^of the_se_ pmMems can be realized , I will now turn to some 
theoretical notions that 1 have found to be of some use in thinking . 
about temporal coding. The first theoretical idea is the recency 
principle. 

The Recency Principle ^ 

I have pointed out in Chapter 2 that we are able to deal with verbal 
units being studied at the moment without serious probfems pro- 
duced, by intrusion of other units of the same clas^, or intrusion of 
units recently acquired in the same situation. This has been said to 
be due to a selector mechafiism.. For the present, I will speak of this 
capacity to isolate the material of the moment to be the recency 
principle. As a first step in a rpore thorough explication of the 
principle, I want to look at it within the temporal coding context. 

Suppose I present the subject a series of verbal units using the, 
continuous-list procedure. Immediately after presenting T2, I show 

~ the subjedts Tl wd T2 and ask which^s most reeent^+t-seem^ 

beyond doubt that we would get 100% correct recency judgments, 
regardless of where Tl occurred in the li^t. Why would performance 
be so high? Some might suggest that it results from the fact thatT^ 
was in short-term memory and Tl was not. However, I suspect that 
if the T1~T2 lag was one item, so that both Tl and T2 would be 
said to be in short-teirn memory by the usual convention, the recency 



148 



• M . WITHIN-LIST TEMPORAL CODING 147 

/judgment^ would still be 100% correct. The percentage will surely 
. ifall as*tlje interval between T2 and the test increases. The recency 
Ji^piSncipl^^^^^ 

. item, temporal information for that item relative to 'other items 
' coming before it is perfect, but as time passes the information 
. i^available becomes less and leiss reliable*. 

• A recency principle, or some principle similar to it, seems to me 
- 'to be an absolute necessity as a means of. accounting for orderliness 

' in behavior dependent upon the memory siystem. Fqr ex^ple, I do 

• not see how it is p'ossible to generate spontaneously a series of 
. sentences that are logically ordered as to meaning, unless we can 

distinguish between the last sentence produced and the other sen-^ 
tences produced prior to^it. Indeed, I suspect we musKdistinguish 
' betweejn the last two or three sentences generated and those generated 
earlier, ifTFe ouTplTfli^ to be orderiy some other situations. 

On aural free recall, we can be quite sure that, if a subject produces a 
word twice, there will be a number of other words separating the 
two occurrences. If we ask a subject to name as ;nany different 
instances of a large category as rapidly as he can think of them, I 
Would be confident that the probability of repetition would be 
\plated to the number of intervening items produced. 

In spite of the fact that I believe a recency principle is a necessity, 
there are problems attending its'use as an explanatory concept in the 
context of temporal codjng in general. Some of these problems must 
be mentioned: 

.1. Although it is remotely possible that recency discrimination 
has a fixed rate of return to a baseline, it is more likely that the rate 
of loss of recency information is influenced by events that occur 
after the moment that recency is established at its maximum level. 
Ignorance concerning the time parameters may Jead to an i^ndisci- 

—^Uned-use-of-F^cenGy^^n-explanatary- CO 

2. I have no objections to the concept of strength when it is 
used to describe the relationship between number of repetitions of 
an item and the probability of recall or recognition, l+owever, the 
recency principle is not a strength theory in that sense, although 
predictions from a strength theory and a recency principle may 
overlap. 
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3. The recency principle may be viewed entirely in the abstract. 
thi5 is to say it may be postulated without identifying the particular 
content of Jhe memory that is involved. This is out of step with the 
^gFnel^'onerit^^^ 

tion involving attributes of memory that are identifiable by analytical 
experiments. The fact is I haVe^ot been able to remove the recency 
principle from its abstract p6sition. If,. then, I speak 6f the recency 
attribute, it will be recognized that I am nierely using an alternative 
way of speaking about the. abstract recency principle. 

With the recency principle before us, I will now list the assump- 
tions which will be use/to sTee if some resolution of the problems 
mentioned earlie^ can be achieved, as well as to account for other 
• basic facts that have evolved from the experiments onWithin-list 
encoding^^wUl be seen, except for the recency principle, the 
assumprions are really nothing hut strong empirical genpfalizations. 



Basic Assumptions 

1. Vhe recency principle identifies the only mechanism that 
provides direct age information about memories. 

2. All other temporal codes are derived from associative learning. 

3. Temporal codes can be established by associative processes 
only when a known ordering system is involved in the associative 
learoing. 

' 4. The lag between two memories as manipulated in the laboratory 
is irrelevant to temporal coding. 

Associative Learning and Temporal Coding 

It is aot my intenV to how associative learning occurs. Asso- 

ciative learning will be taken as a givens and the discussion will 
revolve. around the particular paradigms of associative learning that 
seem to me to be involved in establishing temporal codes. . 

As was argued in Chapter 2. serial learning provided a basis for 
inferring order of events. This conclusion seems sa self-evident that 

■ / 



150 



WITHiN-l-lST TEiyiPdRAL CODING \' 149 

■we did not seek analyticaT evidence on the matten And, since serial ^ ' 
learning is of small consequence for the explanatory problems faced j 
;;in the present data, I will dispense with any further discussion of it, / ,^ 

leammg tnat 1 Believe to De of greats 
iniportance in establishing temporal codes is what I will call two- 
xategory classification le^ing.J^ot much work has been done with 
this paradigm, but . settled quite startling. 

I will- illustrate this by_reviewing' a^ study performed by Ghatala, 
Levin, and Subkoviak ( 1975). Children from the fifth and sixth 
grades were shoWn 80 d|ifferent 'words at a 4-seconfl rate. Half of 
the words were underlined, and. the underlining was a signal for the 
subje'ct to pronounce that - word. When the word was not under- \ 
lined,, the subject remained silent. After a single study trial, the 
words were presented at a 3-secorid rate, and the subjects were asked 
. to identify the words that they had pronounced on the study trial 
C^yes'') and those they , had not pronounced (''No"), The subjects 
were able to respond correctly t6;86% of the words. In view of the 
' fact that some Qf the words might not even have been recognized on • 
the test, the learning of the jjroper classification for each of the . 
words itiust be considered to be quite high. 

Now, we need to consider withm-list experiments such as Experi- 
ments 15 and 16. In these experiments there.were two critical targets, 
pne in the early part of the list, one in the latter part. Let us assume 
that the subjects classified the items into two or three categories, > ^ 
such as "first part," "middle," and .'Mast part," Recency judgments 
may then be mediated by this information on the test ^Vhen Tl and 
T2 are shown and a recency Judgment required. The critical target ^ 
words occurred in the first and last parts, and, if su.cti verbal labels 
(or^ similar ones) were associated with the target words, correct 
.recency jiiidgments should have resulted? Furthermore, the classifica- 
r]|ion provides no information for a lag judgment or, at best, only a 
xrude lag judgment. In Experiment 15, '/recency judgments were 
requested for short-lag pairs, which had occurred in the middle of 
the list; performance was only slightly above chance, EVeiva three- 
category form of learning would not mediate correct ra^cy judg- 
ments for such tests, although, when the lag was zero, s^||il associa- 
tions could produce correct responding. • , J 
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When recency judgments are found to be correlated with lag, it 
is my belief that it results from a classification implying 'order for 
one or both of the target iteois/ For example, in Experiment 16, 
there_was some eviaence^hat lag^d recen&3rjiiUgm'ent^ were co r- 
related for the nohcritical recency tests^ The long lags.i;ievitably 
involved a- triad that was near the end of^the list and a triad near the 
beginni|ig of the list Under these, circumstances, a subject could 
reach a correct recency decisiori by having classified/only one of the 
targets. Short lags, on the other hand, generally involved two triads 
that might normally be expepted to be given the same classification. 

The independence of lag arid recency judgments was mOst apparent 
in Experiment Tl. In the basic condition of this experimetrt^ 
jejcts studied 24 sets of A— B^A-D pairs, with theiagvarymgjbetween 
the paSrs having a common stimulus tentii Therevwere other -co^idi- 
*- tions-iiv-this-'^xperiment, but^J -assumb the-^ame^.explahation-,.wilL< 
cover all of them. The results showed that the subjects had no gain in 
lag discrimination across three trials, arid, although correct recency 
judgments increased across trials, lag did not influence these recency 
judgments. The quantitative aspefiis of the learning should be reviewed. 
On the first trial, the subjects were never«.correct mor^ than 60% of 
the time under any condition, with chance being 50%. On the third 
trial, performance* was never higher than 75%. Thus, in any absolute 
sense, performjftice was not high initially, and correct responding 
increased slowly: 

Because ^the items of different lags^^were scattered throughout the 
list and there \yas rio evidence that position in the list influenced 
cojtrect responding, it is obvious that associative classification learning 
based On list position would not mediate correct responding. How- 
ever, a two-category classification based on "first" and "second," 
corresponding to A—B and^-ZP, could be learned and could b^ 
independent of the lag between two pairs. Furthermore, corr^^tT 
recency judgments could be made if the subject learnied the appro- 
priate classificatiori for either of the two test menlb^rs, * , 

The assumption that associative classification learfiing is primarily 
responsible for. decency judgments, hence for temporal coding, in the 
discrete » within-lipL experiments is consistent with the findinXfthiat 
recall and recency judgments were positively cbrrelated in Experi- 
ment 16. This is in contrast to the between-list studies of temporal 



. . - . VyiTHIN-LISTTEIVIPORAL'C^^ l5l 

W^A:co^^X^%^\\!^^ it appears that' associative learning ability is^ at best 
f J; Jpnly wesicly associated with the temporal coding that occurs under 
l^-^imcidenta^^^ - 
9; As a final^step, we need to return to the contradictions in fact that / 
vi^^ and seem fp Oe aissoqiated with the method of 

;f:;; ^itiidyihi .within-list temporal coding,' Do the assumptiohs made 
J aVout; involved in temjporal coding clarify the apparent 

■ ■ only a modest arftount 

of clarification' is added. One of the: contradictions centered\on the 
; ' ' fact that, iri the continuous-list procedure, lag is related to recency 
/ judgments, whereas it is not in the discrete-list technique. I see no 
reasonable way by which associative classification learning can. be 
; ; invoke^^ :tp account for recency judgments in the continuous-list : 

■ procedure. , In most of the studies usiiig this paradigm the T2— test 
^^^^^^^"'Inlei^^ shdrtT fSt^X^plFrS- ta^^ items: i;must assume"^ 

that, withip such short intervals, the recency attribute is involved. 
The longer the lagj the greater the difference in the recency attribute 
for the two test items. When the T2~'test interval is long and lag and 
recfency judgment's are still shown to be related (e.g., sLockhart, 
1969), the recency principle cannot reasonably . b^°'apfphed. In fact, I 
have no account^ for such results, other than to fall back on the weak 
idea that they may occur because the subject fails to recognize some 
of the Tl test items and that this failure is directly related hoth to 
the interval between f 1 and T2 and the interv^al between T2 and the 
test. The T2 item ^ets chosen by default, so to speak. 

A problem that. I have been quite unable to solve has to do with 
the fact that position judgments for items in a long list are made with 
considerable accuracy, whereas recency judgments for pairs of items 
from the list reflect no evidence of temporal discrimination. Even if 
the position judgments are made on the basis of crude classification 
learning, pairs of items with ^png lags' should be distinguishable on 
the basis of having been in different classes. 'Position judgments 
might be mediated by frequency information identified in terms of 
the numher of items that had occurred prior to the occurrence of a 
particular item. But, again, it is difficult to see why such information 
cannot be translated into a recency judgment that would differ as a 
function of lag. It may be that the subject cannot transform infor- 
mation cohceming position of individual items (however derived) 
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into position " differences. Clearly, as an experimenter, .1 could take 
^ position judgrtierits from a long list and derive recency judgments 
that Would be related to lag, but apparently, the subject cannot do 
this when, askecl directly. I have to leayei this issue in= the unfiriished' 
business category. This is another way oJT saying that th^ theory that : 
has been sketched will not handle all of the mailable evidence. 

BETWEEN<LI5T TETVIPORAL CODING: SHORT TERM 

/With Experiment 15, we were unable to demonstrate any effect of 
; conpeiJtu^l^ntext on within-list tempord coding of neutral words. 
Thi§ wa§ true in spite of the finding that temporal coding pf the . 
.cpneept instances was. facilitated. Experiments 13 and ;14 asked 
'about the role of cont^kt on temporal coding between^Msts of words. 
These reLlts will be summarized. In Experiment 13, the context 
was identified with particular processes underlying learning of a 
given tyjf>e of task. To provide a potential ordering .system, the list 
numbers were given with high frequency to maxiniize the possibility 
establishing associations among list numbers, wordsi,.wjthin the list, 
^nd process context. It was assumed tHat these associations virould be 
less well established when the process content was the same acrpss 
lists tlian when it was different. The data gave strong support to the 
notion, but an odd finding was that for only half the subjects was 
list identification performance aided by the different contexts. In 
vExperiment 14, two types of context were manipulated: external 
Context and conceptual context, the latter represented by having 
Uie conceptual* context unique for each list or mixed across lists. 
External context had no mfluence on temporal coding; conceptual 
contpxt did. 

The learning underiying the Jemporal coding for Experiments 13 
and 14 was not appreciably related to the subjects' abilities to learn 
the lists peruse, nor was an item that was learned easil>j any m'ore^ 
likply to be identified with the appropriate list than was one that: 
was' difficult to learn. The performance test for temporal coding 
was inciden'^1, in that the subjects did not know that they would be 
tested for their knowledge of list membership of the items. Thus, the 
subject did not intentionally set about to devise a calendariike sys- 
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jtf': . tern tp sem^^ prdering device for the lists,' although previous 
fi:^(^W^ Underwood, 1968) indicates^ that the results 

|?tf7W duld . n6t have chan ged h tr d t he subjec t s been fully Tiirfprni^ - 

Indeed, the insults for Expierinient 14 are very similar to the results 
7;^- : r6btained by Zim and Underwood for both intentioncd and 

|r 2:fUicide^^ ' • ' / 

When list numbers are not provided in the learning context for 
; several successive lists; crude classification learning will still oCEUr. 
That is, a subject will implicitly provide labels that give order infor- 
mation fof some of the Usts, particularly the initial Usts. The associa- 
tion between labels and the list items will be maximal when the 
V' items in a Ust caitbe characterizedSs I whole, (e.g., as aniiiial names). . 

If a subject does' not know hQW. many Usts there areAin the^ series, 
^U^-^p^latjelU:^^ leamedJlheta^-^ 
. ■ fore/ when teiriporal jud^ents f^^ the items in the last list are better 
, than, for those in the preceding list, we must assume that the recency 
: principle is responsible. - ^ ' 



BETWEEN'LIST TEMPORAL CODING: LbN,G TERM 

In the studies that were responsible for my interest in teitiporal ^ 
coding in general, differences in proactive inhibition were used as 
the index of (j^erences in temporal coding. Experimenter pain 
could have also been used as the index. I beUeve our studies have 
made it nearly ceijain that differences in word characteristics are 
critically involved in detennining whether or not the temporal 
Separation in the learning of two interfering lists will influence the 
order 6iformation for the two lists. Idle thoughts about this matter, 
however, have sometimes led to the frightening idea^that some far 
more simple difference between the 1968 and 1971 Lists has been • 
responsi,bl|.^^^ that^my closeness to ihe experiments has blinded - 

per^cni^^^^ to take 

the . grbss s^fteie'ftces between" two sets qf Usts as a point of 
departure for analytical research would be 4ke clearing a -forest 
with only a hat^*iet*as a tool In both situations, stamina is likely . 
to be more useful iHan insight- ^ , 
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